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Abstract 
Chemistry of Allyl Nitrate Esters, β-Nitroacetamides, and Various Other 
Nitro Compounds 
Nicholas Paparoidamis 
Peter A. Wade, Ph.D. 
 
 
 
Treatment of 3-methyl-2-buten-2-ol with and acetonitrile solution of excess 
lithium nitrate and trifluoroacetic anhydride layered with carbonate affords the 
rearranged nitrate ester, 3-methyl-3-buten-1-ol 1-nitrate, in 67% yield. This is the 
first example of formal [3,3]-sigmatropic rearrangement of an allyl nitrate ester. A 
second, more complex allyl alcohol, 3-methyl-1,6-heptadien-3-ol, was nitrated 
under similar conditions to give the rearranged nitrate ester, 3-methyl-2,6-
heptadiene-1-nitrate, in 86% yield as a 66:34 mixture of E and Z isomers 
respectively. Purification via flash chromatography on silica gel gave low (13%) 
mass recovery. Two dimensional TLC analysis confirmed the decomposition of 
the nitrate ester on silica gel. The nitrate ester was converted by zinc reduction to 
3-methyl-2,6-heptadien-1-ol in 45% yield as a 66:34 mixture of E and Z isomers 
respectively. Flash chromatography of 3-methyl-2,6-heptadien-1-ol provided a 
small amount (5% mass recovery) of the pure Z isomer, prior to coelution of the 
mixture. A controlled Sharpless epoxidation of the dienol E, Z-mixture  with (+)-
diisopropyl tartrate gave 3-methyl-2,3-oxiran-6-hepten-1-ol in 71% yield and the 
unreacted Z isomer (56% mass recovery). Nitration of 3-methyl-2-buten-1-ol 
afforded 3-(acetylamino)-3-methyl-2-nitrobutyl nitrate in 75% yield. Nitration of 2-
methyl-2-butene with an acetonitrile solution of lithium nitrate and trifluoroacetic 
anhydride layered with sodium carbonate afforded N-(2-methyl-3-nitro-2-
xi 
 
butyl)acetamide in 72% yield. Similar nitration of 1,1-diphenylethylene afforded α-
phenyl-β-nitrostyrene in 52% yield. Nitration of 2,3-dimethyl-2-butene at 0-5oC 
afforded only N-(2,3-dimethyl-3-nitro-2-butyl)acetamide in 74% yield, while 
nitration at room temperature afforded two additional products, 3-(acetylamino)-
2,3-dimethyl-2-butyltrifluoroacetate and N-(2,3-dimethyl-4-nitrobut-3-en-2-yl)-
acetamide. Nitration of 1-methylcyclohexene with excess reagents led to the 
formation N-[(1r,2R,6S)-1-methyl-2,6-dinitrocyclohexyl]acetamide in 31% yield. 
Nitration of 1-methylcyclohexne with an acetonitrile solution of 1.1 equivalents of 
lithium nitrate and trifluoroacetic anhydride layered with sodium carbonate 
afforded N-[(R*,R*)-1-methyl-2-nitrocyclohexyl]acetamide, N-[(R*,S*)-1-methyl-2-
nitrocyclohexyl]acetamide, and 2-methyl-3-nitro-1-cyclohexene. Nitration of 4-
methyl-3-penten-2-one gave N-(2-methyl-3-nitro-4-oxo-2-pentyl)acetamide in 
43% yield under one set of conditions and N-(2-methyl-1-nitro-2-
propyl)acetamide in 60% yield under slightly modifiedf conditions. Nitration of 3-
methyl-1,3-pentadiene gave N-(3-methyl-4-nitro-1-pent-2-enyl)-N-nitroacetamide 
in 60% yield. 3-(Acetylamino)-2,3-dimethyl-2-butyltrifluoroacetate underwent 
cyclization to form 2,4,4,5,5-pentamethyl-2-oxazolinyl trifluoroacetate which gave 
2,4,4,5,5-pentamethyl-2-oxazoline on treatment with base. Michael additions 
were performed on N-(2-methyl-3-nitro-2-butyl)acetamide using methyl acrylate 
and acrylonitrile. Methyl 5-acetylamido-4-nitro-4,5-dimethylhexanoate and N-(5-
cyano-2,3-dimethyl-3-nitro-2-pentyl)acetamide were obtained in 51% and 48% 
yield respectively. Michael addition of N-1-methyl-2-nitrocyclohexyl]acetamide 
and methyl acrylate gave methyl 3-[2-(acetylamino)-2-methyl-1-
xii 
 
nitrocyclohexyl]propanoate as a single diastereomer in 61% yield. This is 
attributed to favorable internal H-bonding between the acetamide NH proton as 
the donor and a nitronate O-atom as the acceptor leading to selective isomer 
formation. Modified Nef reactions were performed on N-(2-methyl-3-nitro-2-
butyl)acetamide and N-(2-methyl-1-nitro-2-propyl)acetamide to give N-(2-methyl-
3-oxo-2-butyl)acetamide in 63% yield and 2-(acetylamino)-2-methylpropanoic 
acid in 85% yield. N-(2-Methyl-3-nitro-2-butyl)acetamide and N-[(1r,2R,6S)-1-
methyl-2,6-dinitrocyclohexyl]acetamide were reduced with nickel (II) chloride and 
sodium borohydride to afford 3-(acetylamino)-3-methyl-2-butylammonium 
chloride in 52% yield and N-[(1r,2R,6S)-2,6-diamino-1-
methylcyclohexyl]acetamide in 71% yield respectively. Debromination of 2,4-
dibromo-2,4-dinitropentane with excess sodium iodide and acetic acid afforded 2-
bromo-2,4-dintropentane in 77% yield. The second Br-atom could not be 
removed by these reagents. 
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Chapter 1: Tandem Nitration / Rearrangement of Allylic Alcohols 
 
1.1: Introduction 
 
Many tandem reaction sequences have been discovered and employed 
throughout the history of organic chemistry. These sequences have been used in 
multi step synthesis to produce a variety of products. Here the focus is on the 
following two step sequence: nitration of an allylic alcohol and subsequent [3,3]-
sigmatropic rearrangement of the resulting allylic nitrate ester. Nitration of 
alcohols is a well-known reaction. However, there are no documented examples 
of [3,3]-sigmatropic rearrangement of allylic nitrate esters. By analogy to O-allylic 
nitronic esters, one might anticipate that such a rearrangement would occur 
(Scheme 1.0). Allyl nitrate esters, however, would rearrange in an equilibrium 
process whereas O-allyl nitronic esters rearrange to more stable γ,δ-unsaturated 
nitro compounds1. If successful, there are many possible variations in which the 
nitration of allylic alcohols and subsequent [3,3]-sigmatropic rearrangement of 
the resulting nitrate esters could be profitably used. Thus, a new and generally 
useful approach to synthesis could be developed. 
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Scheme 1.0:  Rearrangement products of nitronic and nitrate esters 
 
Nitrate esters are a class of organic compounds with the general structure 
RONO2 (Scheme 1.2). One common application of nitrate esters is for use as 
high energy high density materials2. Two well-known nitrate esters with energetic 
properties are nitroglycerin and nitrocellulose. Nitrates have also been employed 
as vasodilators3. Nitrate esters work by opening up blood vessels and increasing 
blood flow, which decreases the body’s blood pressure in order to reduce the 
heart’s workload. 
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R
O
N
+
O
-
O
1  
Scheme 1.2: General structure of nitrate esters 
   
There are a variety of methods that have been used to synthesize nitrate 
esters. However, only a few examples of allyl nitrate esters have been prepared. 
Here the available methods will be surveyed. Presumably allyl nitrate esters can 
be made by most of the known methods applicable to simple nitrate ester 
synthesis.  
 
ROH + HNO3  RONO2 + H2O 
Scheme 1.3: Synthesis of nitrate esters via nitric acid 
 
One general way to synthesize nitrate esters is by the reaction of an 
alcohol with nitric acid4. However, this approach may lead to several detrimental 
side reactions. Depending on the alcohol, treatment with concentrated acid may 
lead to formation of a carbocation. The carbocation may then rearrange, lose a 
proton to form an alkene, or be trapped by a nucleophile other than nitrate ion. In 
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order to minimize carbocation side reactions, alternate methods have been 
developed.   
 An alternative method to reaction of alcohols with nitric acid is to use a 
mixed nitric acid anhydride4. Reaction of acetic anhydride and nitric acid 
generates in situ the mixed anhydride, acetyl nitrate (2). The formation of the 
mixed anhydride consumes most of the nitric acid, but a byproduct of the reaction 
is acetic acid.   
 
O
O
CH3
O
CH3
+ N+
OHO
-
O
O
-
O
N
+
O
O
CH3
+
OH
O
CH3
2  
Scheme 1.4: Formation of mixed nitric acid anhydride 
 
The mixed anhydride 2 is synthesized by simply mixing both the reagents 
together for an hour or more at room temperature. Any nitric acid left over from 
incomplete reaction, or any acid generated from the reaction, is removed by 
addition of a base, usually sodium carbonate. Once the base has had sufficient 
time to neutralize the acid, the alcohol that is to be nitrated is added to the 
reaction mixture. The hydroxyl group of the alcohol may attack the mixed 
anhydride at either of two sites, the acyl C-atom or the N-atom. Attack at these 
sites will yield either the acetate ester or the nitrate ester, respectively. There are 
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two major factors that determine which site of 2 is attacked. These are the 
nucleophilicity of the alcohol and the reaction temperature. If the alcohol is 
moderately nucleophilic, there is an increase in the probability of attack on the 
carbonyl C-atom. With alcohols that are not nucleophilic, the positively charged 
N-atom is the site most likely attacked. At lower temperature the N-atom is more 
susceptible to attack because there is insufficient kinetic energy to overcome the 
barrier for bond formation to the acyl C-atom. The lower activation energy for 
bond formation to the N-atom will favor this process. Typically the yield of nitrate 
ester ranges from 85-95% whereas the reaction with nitric acid often gives lower 
yield5. 
 
Table 1.0: Nitrate esters synthesized with mixed nitric acid anhydride 
Starting Material Product Yield (%) 
n-octadecanol n-octadecyl nitrate 95 
methyl 2-hydroxy-octadecanoate methyl 2-nitrato-octadecanoate 89 
methyl 12-hydroxyoctadecanoate methyl 12-nitrato-octadecanoate 94 
Hexatriconta-18,19-diol 18,19-dinitrato-hexatricontane 85 
 
Acetyl nitrate (2) is a more powerful nitrating agent than nitric acid and 
reacts under milder, relatively non-acidic conditions. Acetyl nitrate has been the 
reagent of choice for synthesizing nitrate esters in the past few decades. It was 
briefly employed in the current thesis work, but proved less satisfactory than the 
following procedure.  
6 
 
 An alternative method for synthesizing nitrate esters employs the mixed 
nitric acid anhydride 3 formed from trifluoroacetic anhydride (TFAA) and lithium 
nitrate6. This method was developed in order to generate a more reactive mixed 
anhydride permitting nitration conditions that are less harsh. Here too, sodium 
carbonate is employed as a base to neutralize acid (Scheme 1.5). 
 
O
O
F3C
O
CF3
+ N+
O
-
O
-
O
O
-
O
N
+
O
O
F3CLi
+
+
O
-
O
F3C
3  
Scheme 1.5: Formation of mixed trifluoroacetyl nitric acid anhydride 
  
Trifluoroacetate is a more activated leaving group, which leads to 
increased attack on the N-atom of the mixed anhydride 3. It is hypothesized that 
the mechanism parallels that for reaction of acetyl nitrate. Initial attempts were 
made to synthesize nitrate esters by simply mixing trifluoroacetic anhydride and 
lithium nitrate with the alcohol in methylene chloride6. This was performed as a 
biphase reaction due to the insolubility of the lithium nitrate in methylene chloride. 
Under these conditions, the nitrated product was formed in low yields, and 
instead the trifluoroacetate ester of the alcohol was predominant. Possibly the 
mixed anhydride was not formed, and trifluoroacetic anhydride reacted directly 
with the alcohol. The reaction was then repeated in two solvents that are capable 
of dissolving lithium nitrate. In either THF or acetonitrile, the reaction yielded a 
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mixture of nitrate ester and trifluoroacetate ester. The most favorable ratio 
obtained was 3:2 nitrate ester / trifluoroacetate ester, respectively. Gavrila et. al. 
determined that trifluoroacetic acid was generated during reaction of the alcohol 
and the mixed anhydride and contributed to the trifluoroacetate ester formation6. 
In order to remove trifluoroacetic acid as formed during reaction, solid sodium 
carbonate was added, and the biphase mixture was stirred. Nitration with sodium 
carbonate present provided clean formation of several nitrate esters in yields of 
over 59-87% (Table 1.1).  
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Table 1.1: Synthesis of nitrate esters via mixed trifluoroacetyl nitric acid 
anhydride 
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 The two previous nitration procedures employed reactive mixed nitric acid 
anhydrides. Another published procedure utilizes nitryl fluoride (FNO2) as the 
nitrating agent7. Nitryl fluoride is obtained by the reaction of fluorine gas and 
dinitrogen tetroxide (Scheme 1.6). Here both fluorine and dinitrogen tetroxide are 
placed in a chamber under high pressure and temperature, and the nitryl fluoride 
is formed in up to 80% yield. The method suffers from the danger of working with 
highly toxic fluorine. 
 
F2 + N2O4  2 NO2F 
Scheme 1.6: Synthesis of nitryl fluoride 
 
The alcohol to be nitrated is placed in anhydrous methanol with potassium 
fluoride. Nitryl fluoride is then bubbled into the solution at -20 to -30oC with 
vigorous stirring. Potassium fluoride neutralizes any hydrofluoric acid formed 
during reaction by converting it to potassium bifluoride, which is insoluble in 
methanol. Formation of potassium bifluoride has an added bonus. Since 
potassium bifluoride is formed in a 1:1 ratio with the nitrate ester, its weight can 
be used to quantitate how much nitrate ester was formed. Nitrations under these 
conditions were performed with several alcohols (Scheme 1.7; Table 1.2). Yields 
were generally very good, ranging from 85-96%.  
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Table 1.2: Nitrate esters synthesized via nitryl fluoride 
Initial Alcohol Product Yield (%) 
EtOH EtONO2 89 
n-PrOH n-PrONO2 90 
i-PrOH i-PrONO2 88 
(CH2OH)2 (CH2ONO2)2 94 
HOCH(CH2OH)2 CH(ONO2)(CH2ONO2)2 92 
O2NCH2CH2OH O2NCH2CH2ONO2 90 
C(NO2)3CH2OH C(NO2)3CH2ONO2 94 
 
 In another published method for preparation of nitrate esters from 
alcohols, the hydroxyl group of the alcohol is first converted to a chloroformate 
ester, 4, then to a nitrocarbonate ester, 5, and finally to a nitrate ester8 (Scheme 
1.7). The reagents employed include phosgene and silver nitrate. A major 
drawback to the method is the toxicity of phosgene.  
 
OHR +
O
Cl Cl
(xs)
O
R
O
Cl O
O
R
O
O2N
O
R
NO2
AgNO3 ∆+ AgCl(s)
4 5
 
Scheme 1.7: Synthesis of nitrate esters via nitratocarbonate intermediates 
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The dropwise addition of the alcohol to a refluxing phosgene solution 
affords the chloroformate ester. Phosgene is susceptible to disubstitution, which 
is avoided by using phosgene in excess. The chloroformate ester 4 is extracted, 
purified, and treated with a silver nitrate solution. This affords the nitrocarbonate 
ester 5 and silver chloride as a side product. The weight of silver chloride can be 
used to quantitate the extent of reaction. The nitrocarbonate ester formed is very 
unstable and undergoes spontaneous decomposition via an SNi pathway to give 
nitrate ester and carbon dioxide.  
Nitrate esters have also been synthesized from alkyl halides by reaction 
with silver nitrate9 (Scheme 1.8; Table 1.3). The silver halide side products can 
be recycled to lower the otherwise high cost of using silver reagents. This 
method is only successful for synthesis of nitrate esters from primary alcohols. 
The mechanism of this reaction follows a silver assisted substitution pathway. 
The reaction is performed under biphasic conditions, so efficient stirring is 
required. The weight of silver halide formed can be used to determine the extent 
of reaction that has occurred.  
 
RCH2X + AgNO3  RCH2ONO2 + AgX(s), X= Cl, Br, I 
Scheme 1.8: Synthesis of nitrate esters via silver (I) halides 
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Table 1.3: Nitrate esters formed via silver (I) halides 
Starting Compound Nitrate Ester Yield (%) 
n-hexyl bromide n-hexyl nitrate 77 
n-hexyl iodide n-hexyl nitrate 67 
n-octyl iodide n-octyl nitrate 61 
benzyl chloride benzyl nitrate  64 
methallyl chloride methallyl nitrate 45 
2-bromoethanol 2-nitratoethanol 70 
iodoacetonitrile nitratoacetonitrile 32 
 
 A final nitration procedure is specific for the synthesis of 1,2-dinitrates 7. 
Here epoxides 6 are allowed to react with dinitrogen pentoxide10 (Scheme 1.9).   
 
O
R
R'
+
O
O
R'
R
NO2O2N
N2O5
6 7  
Scheme 1.9: Synthesis of trans-1,2-dinitrates via dinitrogen pentoxide 
 
When cyclopentene oxide was treated with dinitrogen pentoxide, the major 
product formed was the trans isomer of cyclopentane-1,2-diol-dinitrate. This 
gives insight into the mechanism of the reaction, which might proceed according 
to either of two pathways. In the first pathway, dinitrogen pentoxide dissociates 
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into the nitronium ion and a nitrate ion. The O-atom of the epoxide then attacks 
the nitronium ion to form the intermediate 8. The nitrate ion attacks intermediate 
8 at either C-atom of the ring with concomitant ring opening to give the trans 1,2-
dinitrate 7 (Scheme 1.10).  
 
O
R
R' O
-
O
-
O
N
+ O O
N
+
+ O
R
R' O
O
N
++ +
O
-
O
-
O
N
+
O
+
R
R'
NO2
O
-
O
-
O
N
+
+O
O
R'
R
NO2O2N 8
6
7
 
Scheme 1.10: Mechanism for formation trans-1,2-dinitrates via ionic dissociation 
of dinitrogen pentoxide 
 
The other possible pathway involves direct attack by the epoxide O-atom 
on dinitrogen pentoxide with loss of nitrate ion. The resulting nitrate ion will then 
attack either ring C-atom of the intermediate 8 to open the ring, forming the trans 
1,2-dinitrate 7 (Scheme 1.11).  
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Scheme 1.11: Mechanism for formation of trans-1,2-dinitrates via direct epoxy-O 
attack 
 
Using this reaction, compounds with multiple nitrate groups can be made. 
One example involves adding 1,3-butadiene diepoxide (9) to two equivalents of 
dinitrogen pentoxide resulting in a double ring-opening nitration sequence to yield 
1,2,3,4-butatetrol tetranitrate (10) (Scheme 1.12). 
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O O
ONO2
ONO2
ONO2
ONO2
10
2 eq N2O5
9
 
Scheme 1.12: Synthesis of 1,2,3,4-butatetrol tetranitrate 
 
Conversion of alcohols to nitrate esters has been used as a means of 
protecting the hydroxyl group11. As an example, one of the three hydroxyl groups 
of steroid 11 was protected as a nitrate ester. Steroid 11 was nitrated using 
acetic anhydride and fuming nitric acid to give nitrate ester 12. Then the 
remaining hydroxyl groups (one of which is phenolic) were converted to tert-
butyldimethylsiloxyl ethers in the preparation of 13, and finally the nitrate ester 
protecting group was removed using glacial acetic acid and zinc powder to give 
the final product 14 (Scheme 1.13). 
 
O2NO
OH
OH
O2NO
TBDMSO
OTBDMS
OH
TBDMSO
OTBDMS
OH
OH
OH
Ac2O
fuming HNO3
Zn0
AcOH
11 12
13 14
tert-butyldimethylsilyl chloride
4-dimethylaminopyridine
 
Scheme 1.13: Nitrate esters as protecting groups 
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Rearrangements can result in useful changes of the molecular array 
present in an organic compound. Some rearrangements occur at room 
temperature, others have been observed to occur below room temperature, and 
still others require strong heating. One major rearrangement that has been 
studied extensively is the Cope rearrangement of 1,5-dienes12. The Cope 
rearrangement is classified as a [3,3]-sigmatropic rearrangement. When 1,5-
dienes 15 are heated, they undergo Cope rearrangement and form an isomeric 
1,5-diene 16 (Scheme 1.14).  
 
CH2
R'
[3,3]
R'
CH2
CH2
1 2
3
4
5
6
1
2
3
4
5
6
15 16  
Scheme 1.14: [3,3]-sigmatropic rearrangement 
 
Cope rearrangements occur by simultaneous cleavage of the 3,4 bond, 
and formation of the 1,6 bond. The double bonds shift from the 1,2 and 5,6 
positions to the 2,3 and 4,5 positions, respectively. The process is an 
equilibration of starting and product dienes. In the example shown, the major 
driving force for product 16 formation is an increase in thermodynamic stability 
owing to an increase in the degree of double bond substitution.  
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If the starting compound is sufficiently symmetrical, the resulting 
rearranged product will be the same as the starting material. Such a 
rearrangement is called a degenerate rearrangement and can be studied by 
NMR. One example of a degenerate rearrangement is with bullvalene13 (Scheme 
1.15). Examination of bullvalene via dynamic 1H NMR spectroscopy shows 
changes in the spectrum from a sharp singlet at 4.2 ppm at high temperature to a 
more complex pattern at low temperature14.  
 
 
Scheme 1.15: [3,3]-sigmatropic rearrangement of bullvalene 
 
In some cases, rearrangements have occurred in tandem processes, 
where another reaction sets up the starting material for a Cope rearrangement to 
occur in situ. Such one-pot tandem reactions are classified as cascades. For 
example, the syntheses of elisapterosin B and colombiasin A employ a key 
tandem cascade process where sigmatropic rearrangement occurs after an allylic 
carbene insertion reaction15 (Scheme 1.16). The driving force here for 
rearrangement is the formation of a more stable conjugated product 
 
18 
 
 
 
 
 
 
 
Scheme 1.16: Synthesis of natural products via [3,3]-sigmatropic 
rearrangements 
 
A number of other [3,3]-sigmatropic rearrangements have been observed. 
The Claisen rearrangement of allyl vinyl ethers is a well-studied case16 (Scheme 
1.17). Here the product 18 is nearly always more stable than the starting allyl 
vinyl ether 17, which drives rearrangement to completion. These rearrangements 
have been used in the synthesis of numerous natural products.  
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Scheme 1.17: Claisen rearrangement of allyl vinyl ethers 
 
Another reaction classified as a [3,3]-sigmatropic rearrangement occurs 
when N,O-diacylhydroxylamines are treated with base17. Base removes the most 
acidic proton from the starting material 19 to form an amide enolate 20, which 
then undergoes rearrangement to 21 (Scheme 1.18). Alternatively, base may 
remove a second proton from the starting material to form a dienolate 22. Thus, 
the products of rearrangement, either 21 or 23, may be controlled 
stoichiometrically by altering the amount of base used.  
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Scheme 1.18: Stoichiometric control of [3,3]-sigmatropic rearrangements 
 
O-Allyl nitronic esters have also been observed to undergo a [3,3]-
sigmatropic rearrangement18, which is the prototype for the rearrangement of 
allylic nitrate esters. O-Allyl nitronic esters are synthesized via a Diels-Alder 
reaction, with a nitroalkene serving as the diene and a diene serving as the 
dienophile. In reactions that employ 1,3-cyclohexadiene as the dienophile, a 
fused bicyclic nitronic ester is formed (Scheme 1.19). Upon heating, the nitronic 
ester 24 is converted to 25, a bridged 5-nitrobicyclo[2.2.2]oct-2-ene derivative. 
Calculations show that the strained ring nitro compound 25 is more stable than 
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the nitronic ester precursor. Complete conversion of the nitronic ester 24 to 25 is 
experimentally observed. 
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Scheme 1.19: [3,3]-sigmatropic rearrangements of O-allyl nitronic esters 
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1.2: Results and Discussion 
 
 
 The initial scope of the project was to develop a nitration method for 2-
methyl-3-buten-2-ol and determine whether the resulting nitrate ester 26 would 
undergo [3,3]-sigmatropic rearrangement to 27 (Scheme 1.20). 
 
OH
ONO2O2NO
[3,3]
26 27
67%
 
Scheme 1.20: Synthesis of 27 
 
 A standard nitration method was employed, utilizing a 1:1 molar ratio of 
concentrated sulfuric and nitric acids. However, nitration under these conditions 
did not provide the rearranged nitrate ester. The next nitration method examined 
was the use of acetic anhydride and fuming nitric acid. Nitration under these 
conditions produced the rearranged nitrate ester 27 as a yellow oil in 13% yield. 
Apparently, nitration involved the formation of 26 and subsequent rearrangement 
in situ to 27. Examination of the literature turned up a report of a nitration under 
these conditions to give 2619. In actual fact, this report is erroneous: nitration of 2-
methyl-3-buten-2-ol gave 27 not 26.  
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It was understood that these conditions were too harsh for product 
formation in high yield, and milder alternatives were sought out. The method of 
Gavrilla et. al6. for formation of nitrate esters utilizing trifluoroacetic anhydride and 
lithium nitrate was next examined. In this method, the mixed nitric acid anhydride 
3 is formed in situ prior to addition of solid sodium carbonate to neutralize any 
acid present and the alcohol to be nitrated (Scheme 1.5). 
 Nitration under these conditions provided almost exclusively the 
rearranged nitrate ester in 67% yield as a yellow oil. Rearrangement in this 
reaction may be a concerted [3,3]-sigmatropic process, but this has not been 
determined. It is possible that nitrate ester 26 forms an ion pair involving a 
carbocation and nitrate anion that then collapses preferentially to the more stable 
nitrate ester 27 (Scheme 1.21). Indeed, if a concerted pathway is actually 
followed, it is likely that considerable positive charge resides on the 3o-C-atom in 
the rearrangement transition state. 
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Scheme 1.21: Proposed mechanisms of rearrangement for 26 
 
Now that a method of nitration leading to the rearranged nitrate ester 27 in 
good yield had been developed, a second allylic alcohol, 3-methyl-1,6-heptadien-
3-ol (28) was examined to see if nitration would again be accompanied by 
rearrangement. Allylic alcohol 28 is unavailable commercially. It was synthesized 
in 83% yield via a Grignard reaction utilizing 5-hexen-2-one and vinylmagnesium 
bromide in tetrahydrofuran (Scheme 1.22). 
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Scheme 1.22: Synthesis of 28 
 
 Allylic alcohol 28 was then nitrated using lithium nitrate, trifluoroacetic 
anhydride and sodium carbonate (Scheme 1.23). The predominant product that 
formed was the rearranged nitrate ester 30, obtained in 86% yield as a 66:34 
mixture of E- and Z-isomers respectively. This reaction was found to be 
extremely moisture sensitive, so the acetonitrile was freshly distilled from calcium 
oxide, and the lithium nitrate and trifluoroacetic anhydride were stored in a 
dessicator over phosphorus pentoxide. 
 
CH2 CH2
CH3
OH
CH2 CH2
CH3
O2NO
ONO2
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CH3
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28 29
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86%
LiNO3
(CF3CO)2O
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Scheme 1.23: Synthesis of 30 
 
 Purification of the nitrate ester was accomplished by flash column 
chromatography. However, the mass recovery of the nitrate ester was very low, 
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only 13%. A two dimensional TLC analysis was performed in order to determine 
if 30 was decomposing during chromatography. Indeed, TLC spots were 
observed off the diagonal, confirming the decomposition of 30. According to the 
literature, nitrate esters are not stable to chromatographic purification, 
undergoing an elimination reaction to give carbonyl compounds20. Since 
chromatography could not be used to separate the isomers, an alternative 
method was explored.  The nitrate ester 30 was converted to alcohol 31, 
obtained as a mixture of E- and Z-isomers. It was thought that these E- and Z-
isomers might be readily separable owing to their expected polarity. Thus, 
treatment of nitrate ester 30 with zinc powder and acetic acid provided allylic 
alcohol 31 in 45% yield as a 66:34 mixture of E- and Z-isomers, respectively 
(Scheme 1.24). 
 
ONO2
CH2
CH3
OH
CH2
CH3Zn0
AcOH
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Scheme 1.24: Synthesis of 31 
 
 Alcohol 31 was purified via flash column chromatography, and it was 
observed that a small portion (5%) of the Z isomer elutes first prior to the main 
fraction that contains both isomers. In order to amass large quantities of a single 
isomer of 31, a kinetic separation was attempted under Sharpless epoxidation 
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conditions. Treatment of 31 with titanium(IV) isopropoxide, (+)-diisopropyl 
tartrate, and tert-butyl hydroperoxide led to reaction of the E isomer of 31 only to 
give epoxide 32 in 71% yield. The pure Z-isomer of alcohol 31 could be obtained 
from this reaction in 56% recovery.  Similarly, epoxidation using (-)-diisopropyl 
tartrate instead of (+)-diisopropyl tartrate also afforded epoxide 32 in 66% yield 
and pure Z-isomer of 31 in 51% recovery (Scheme 1.25). Thus, sequential 
nitration and ester hydrolysis allowed the overall isomerization of alcohol 28 to 
the Z-isomer of alcohol 31 in 22% yield. 
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Scheme 1.25: Kinetic Sharpless epoxidation of 31 
 
 Allylic alcohol 33 was also subjected to nitration with lithium nitrate, 
trifluoroacetic anhydride, and sodium carbonate (Scheme 1.26). However, the 
expected nitrate ester 27 was not obtained as the product. Instead, β-
nitroacetamide 35 was obtained in 75% yield. This observation led to the 
development of a new general synthesis of β-nitroacetamides and will be 
discussed in Chapter 2. 
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Scheme 1.26: Synthesis of β-nitroacetamide 35 
 
 Based on the results of the nitration of 33, it seems likely that the pure 
isomers of alcohol 31 cannot be separately converted to pure isomers of the 
nitrate ester 30. Instead, a β-nitroacetamide is likely to form because the allylic 
alcohol will react preferentially at the trisubstituted C,C-double bond.  
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1.3: Structure Assignments  
 
 All compounds were characterized using infrared, 1H NMR, 13C NMR, 
and mass spectral data.  Standard 2D NMR techniques (COSY, HMQC) were 
also routinely performed. 
 
3-methylbut-2-en-1-ol 1-nitrate (27): 
 
CH3
CH3
ONO2
1
23
5
4  
 
 This compound displayed typical infrared stretching bands for a nitrate 
ester at 1546, 1275, and 857 cm-1. Other diagnostic bands were at 3082 (SP2 
CH) and 1624 (C=C) cm-1. The 1H NMR spectrum consisted of four signals. Two 
signals, a multiplet at 5.40 ppm assigned to the H2 proton and a doublet at 4.18 
ppm attributed to the two H1 protons were especially diagnostic.  
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3-methyl-1,6-heptadien-3-ol (28): 
 
CH2
OH
CH3
CH2
12
3
4
5
6
7
8
 
 
 This compound displayed typical infrared stretching bands for an 
alcohol at 3100-3600 (OH) and 1262 (C-O) cm-1, and an alkene at 3081 (SP2 
CH) and 1641 (C=C) cm-1. The 1H NMR spectrum consisted of five signals. Two 
signals, a multiplet at 5.85 ppm attributed to the H2 and H6 protons and a 
multiplet at 5.11 ppm attributed to the four H1 and H7 protons were especially 
diagnostic. The spectra were consistent with the published literature21.  
 
3-methyl-2,6-heptadien-1-ol 1-nitrate (E / Z mixture)(30) : 
 
CH2
CH3
ONO21
2
3
4
5
6
7
8  
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This compound consisted of two geometric isomers that could not be 
separated by chromatography. The ratio of the two isomers is 65:35 E / Z 
respectively based on 1H NMR integration.  The compound displayed typical 
infrared stretching bands for a nitrate ester at 1626, 1277, and 863 cm-1. Other 
diagnostic bands were at 3079 (SP2 CH) and 1640 (C=C) cm-1. The 1H NMR 
spectrum consisted of five complex signals. Integration of two singlets at 1.6 and 
1.7 ppm (assigned to C8 of the isomers) allowed estimation of the isomer ratio. 
The 13C NMR spectrum was especially useful when methyl, methylene and 
methine signals were correlated by DEPT spectra.  For each isomer, two =CH, 
one =CH2, and one quaternary =C could be assigned from the spectra.  Bands at 
69.9 and 70.2 ppm were assigned to CH2NO2 of each isomer.  
 
Z-3-methyl-2,6-heptadien-1-ol (31): 
 
CH2
CH3
OH1
2
3
4
5
6
7
8  
 
 This compound displayed infrared stretching bands at 3100-3600 (OH), 
3078 (SP2 CH) and 1641 (C=C) cm-1. The 1H NMR spectrum consisted of eight 
signals. Four signals, a triplet at 5.46 ppm attributed to the H2 proton, a doublet at 
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4.15 ppm attributed to the two H1 protons, a singlet at 1.67 ppm attributed to the 
three H8 protons, and a broad singlet at 1.20 ppm attributed to the OH proton 
were especially diagnostic. 
 
3-methyl-2,3-oxiran-6-hepten-1-ol (32): 
 
CH2
CH3
OH
O
1
2
3
4
5
6
7
8  
 
This compound displayed typical infrared stretching bands at 3100-3600 
(OH), 3078 (SP2 CH), and 1642 (C=C) cm-1. Additional bands at 1251 and 952 
cm-1 are characteristic of epoxides. The 1H NMR spectrum consisted of eleven 
signals. Three signals that were apparent doublets of doublets were especially 
diagnostic.  They were assigned as follows: signals at 3.83 ppm and 3.68 ppm 
were attributed to the two H1 protons and a signal at 2.98 ppm was attributed to 
the H2 proton. The 13C NMR spectrum exhibited eight signals.  Three signals 
occurred at 61.0 (weak), 61.4, and 62.9 ppm and were especially diagnostic.  
These three signals are attributed to the C3 (weak), C2, and C1 C-atoms. The 
stereochemical assignment is based on the fact that epoxide 32 was formed from 
the E-isomer of alcohol 31. 
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1.4: Experimental 
 
General Methods: 
 
Anhydrous acetonitrile: A flask was charged with acetonitrile (800 mL) and 
calcium hydride (5 g). The solution was refluxed for 30 min, followed by 
distillation and collection of the anhydrous acetonitrile. The anhydrous acetonitrile 
was stored over 3 A molecular sieves. 
 
Storage of lithium nitrate and trifluoroacetic anhydride: Both the lithium 
nitrate and trifluoroacetic anhydride were stored in a dessicator over phosphorus 
pentoxide to ensure that both reagents remained anhydrous.  
 
Preparation of 27 from 2-methyl-3-buten-2-ol: A flask under positive nitrogen 
pressure was charged with anhydrous acetonitrile (40 mL), lithium nitrate (2.50 g, 
0.036 mol), and trifluoroacetic anhydride (2.80 mL, 0.020 mol). The resulting 
solution was stirred for 30 min at room temperature and was then cooled to 0-
5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and the mixture was 
stirred for an additional 30 min. 2-Methyl-3-buten-2-ol (1 mL, 0.010 mol) was 
added and the resulting reaction mixture was stirred for an additional 4 hr. The 
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reaction mixture was then poured into water (50 mL). The crude organic product 
was extracted with dichloromethane (three 50 mL portions) and the combined 
organic layers were dried over anhydrous magnesium sulfate. The dried solution 
was concentrated under reduced pressure to give 0.8451 g (67% yield) of the 
product as a yellow oil.  
 
 
CH3
CH3
ONO2
1
23
5
4  
 
3-methyl-3-butene-1-ol 1-nitrate (27): yellow oil; IR (neat): 1546, 1275, 857 cm-
1 (ONO2), 3082 (SP2 CH), 1624 cm-1 (C=C); 1H NMR:  δ 5.40 (m, 1H, H2), 4.18 
(d, 2H, J = 7.3 Hz, H1), 1.74 (s, 3H, H4), 1.68 (s, 3H, H5); 13C NMR: δ 136.2 (C3), 
123.7  (C2), 59.3 (C1), 25.7 (C4), and 17.8 (C5); HRMS (CI-CH4): Anal. Calcd for 
[C8H14O + H]+:  m/z 127.1136.  Found:  m/z 127.1123.  
 
Preparation of 28 from 5-hexen-2-one: A flask under positive nitrogen pressure 
was charged with a 1.0 M solution of vinylmagnesium bromide in anhydrous THF 
(400 mL, 0.4 mol) and cooled to 0oC. A 2.54 M solution of 5-hexen-2-one in 
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anhydrous THF (100 mL, 0.254 mol) was added dropwise while maintaining an 
internal temperature of 0oC. The resulting solution was refluxed for 4 hr, and 
allowed to stir for 72 hr at room temperature. The reaction was then cooled to 
0oC and quenched with 3.33 M aqueous acetic acid (400 mL, 1.33 mol HOAc). 
The resulting solution was extracted with dichloromethane (three 150 mL 
portions) and dried over anhydrous magnesium sulfate. The dried solution was 
concentrated under reduced pressure to give 29.0331 g (83% yield) of the crude 
product. The crude product was Kugelrohr distilled at 75oC at 0.2 mmHg.  
 
CH2
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3-methyl-1,6-heptadien-3-ol (28): colorless oil; bp: 75oC at 0.2 mmHg; IR (neat) 
3100-3600 (OH), 1262 (C-O), 3081 (SP2 CH), 1641 cm-1 (C=C); 1H NMR: δ 5.85 
(m, 2H, H2 and H6), 5.09 (m, 4H, H1 and H7), 2.10 (m, 2H, H5), 1.64 (m, 2H, H4), 
1.31 (s, 3H, H8); 13C NMR: δ 144.9 (C2), 138.9 (C6), 114.5 (C1), 111.9 (71), 73.3 
(C3), 41.2 (C4), 28.4 (C5), 27.8 (C8). COSY spectra show correlation between 
H7,7’ and H6, H6 to H7,7’ and H5, H5 to H6 and H4, and H2 to H1,1’. HMQC spectra 
show correlation of H2 to C2 (144.9 ppm), H6 to C6 (138.9 ppm), H1,1’ to C1 (114.5 
ppm), H7,7’ to C7 (111.9 ppm), H5 to C5 (28.4 ppm), H4 to C4 (41.2 ppm), and H8 to 
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C8 (27.8 ppm). HRMS (CI-CH4): Anal. Calcd for [C8H14O + H]+:  m/z 127.1123.  
Found:  m/z 127.1129.  
 
Preparation of 30 from 28: A flask was charged with anhydrous acetonitrile (30 
mL), anhydrous lithium nitrate, (2.0 g, 0.029 mol), and trifluoroacetic anhydride, 
(2.8 mL, 0.019 mol) and allowed to stir for 30 min. The solution was cooled to -
20oC, sodium carbonate (2.12 g, 0.020 mol) was added, and the mixture was 
allowed to stir for an additional 30 min under positive nitrogen pressure. 3-
Methyl-1,6-heptadien-3-ol (1 mL, 0.008 mol) was added, and the mixture was 
allowed to stir for 5 hr. The mixture was washed with saturated aqueous sodium 
bicarbonate (40 mL), extracted with dichloromethane (three 30 mL portions), and 
dried over anhydrous magnesium sulfate. The dried solution was concentrated 
under reduced pressure to give 0.8561 g (86% yield) of the crude product. The 
product was a 66:34 mixture of E- and Z-isomers, respectively, by 1H NMR 
integration of the δ 1.6 and 1.7 signals. The crude product was purified via flash 
column chromatography on silica gel (ethyl acetate / hexanes, 20 / 80 eluent), 
but only 0.1146 g of pure nitrate ester 30 (13% recovery) was obtained, 
presumably owing to decomposition on contact with silica gel. Two dimensional 
thin layer chromatography confirmed the decomposition of the nitrate ester under 
the conditions of purification.  
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E/Z 3-methyl-2,6-heptadiene-1-nitrate (30): yellow oil; Rf: 0.94 
(EtOAc/hexanes, 20/80); IR (neat) 1626, 1277, 863 cm-1 (ONO2), 3079 (SP2 CH), 
1641 cm-1 (C=C); 1H NMR: δ 5.7-5.9 (m, 1H, H6), 5.3-5.45 (m, 1H, H2), 4.8-5.1 
(m, 4H, H1 and H1’ ), 2.1-2.3 (m, 4H, H5 and H4), 1.81 and 1.76 minor / major 
isomer respectively (two apparent s, 3H each, H8); 13C NMR: δ 146.8 (C3), 138.2 
(C6), 115.7 (C7), 115.0 (C2), 70.2 (C1), 39.2 (C5), 32.8 (C4), 23.9 (C8, Z isomer), 
16.9 (C8, E isomer). COSY spectra show coupling of H7,7’ to H6, H6 to H7,7’ and 
H5, H5 to H6 and H4, and H2 to H1. HMQC spectra show correlation of H6 to C6 
(138.1 ppm), H2 to C2 (114.9 ppm and 115.3 ppm, two isomers), H7 to C7 (115.6 
ppm), H2 to C2 (70.2 ppm and 69.9 ppm, two isomers), H5 to C5 (39.1 ppm), H4 to 
C4 (31.9 ppm), and H8 to C8 (23.8 ppm and 16.9 ppm, two isomers). HRMS (CI-
CH4): Anal. Calcd for [C8H13NO3 – NO2]+:  m/z  125.0966.  Found:  m/z 125.0971.  
 
2-D TLC analysis of 30: To a silica gel TLC plate (8 cm x 8 cm) a small sample 
of 30 was spotted in the lower left hand corner. The plate was then eluted with 
ethyl acetate and hexanes, 20:80, respectively. The plate was allowed to dry, 
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rotated counterclockwise by ninety degrees and allowed to elute again using the 
same solvent mixture.  
 
Preparation of 31 from 30: A flask was charged with glacial acetic acid (100 
mL), E/Z 3-methyl-2,6-heptadiene-1-nitrate (0.75 g, 0.004 mol), and zinc powder 
(5 g, 0.076 mol). The mixture was allowed to stir for 12 hr and was vacuum 
filtered. Water (50 mL) and diethyl ether (50 mL) were added to the filtrate and 
layers were separated. The aqueous layer was neutralized with a 10% potassium 
carbonate in brine solution and was extracted with diethyl ether (three 50 mL 
portions). The combined organic layers were then dried over anhydrous sodium 
sulfate and the dried solution was concentrated under reduced pressure to give 
0.2509 g (45% yield) of the crude product. The crude product was purified via 
flash column chromatography on silica gel (ethyl acetate / hexanes, 30 / 70 
eluent). Pure alcohol 31 was obtained as a 66 / 34 ratio of the E- and Z-isomers, 
respectively. It was found that using 20 mesh zinc filings instead of zinc powder 
increased the amount of E isomer (80 / 20 isomer ratio) in the product mixture. 
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E/Z 3-methyl-2,6-heptadien-1-ol (31): colorless oil; Rf: 0.68 (EtOAc/hexanes, 
30/70); IR (neat) 3100-3600 (OH), 3078 (SP2 CH), 1640 cm-1 (C=C); 1H NMR: δ 
5.75-5.85 (m, 1H, H2), 5.4-5.5 (m, 1H, H2), 4.95-5.05 (m, 2H, H7), 4.15 (d, 2H of 
major, J = 7.3 Hz, H1), 4.10 (d, 2H of minor, J = 7.4 Hz, H1), 2.05-2.25 (m, 4H, H5 
and H4), 1.75 (s, 3H of minor, H8), and 1.68 (s, 3H of major, H8); 13C NMR: δ 
139.2 and 139.4 (C3), 138.2 and 138.1 (C6), 124.7 (C2, Z isomer), 123.8 (C2, E 
isomer), 115.1 and 114.7 (C7), 59.3 (C1, E isomer), 58.9 (C1, Z isomer), 38.9, 
32.3, 31.9, 31.4 (C5 and C4), 23.4 (C8, Z isomer), 16.2 (C8, E isomer). COSY 
spectra show coupling of H7,7’ with H6, H6 to H7,7’ and H5, H5 with H6 and H4, and 
H2 with H1. HMQC spectra show correlation of H6 and C6 (138.2 ppm), H2 to C2 
(124.6 ppm), H7,7’ to C7 (115.1 ppm), H1 to C1 (59.0 ppm), H5 and H4 to C5 and C4 
(32.3 ppm and 31.4 ppm), and H8 to C8 (23.4 ppm). HRMS (CI-CH4): Anal. Calcd 
for [C8H14O – OH]+:  m/z 109.1017.  Found:  m/z 109.1014. 
 
Isolation of 31 (Z-isomer): A column (50 cm length x 3 cm ID) was packed with 
silica gel (0.032-0.063 mm, 230-450 mesh, 100 g) and 31 (0.5 g, 65:35 E/Z 
mixture) was added to the top of the column. Elution was with ethyl acetate / 
hexanes (30 / 70). Pure Z-isomer (21.1 mg, 5% recovery) eluted first followed by 
a mixture of the two isomers in latter fractions.  
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Z-3-methyl-2,6-heptadien-1-ol (31): colorless oil; IR (neat): 3100-3600 (O-H), 
3077 (SP2 CH), 1640 cm-1 (C=C); 1H NMR: δ 5.75-5.85 (m, 1H, H6), 5.46 (t, 1H, J 
= 7.3 Hz, H2), 5.03 (dd, 1H, J = 16.1, 1.0 Hz, H7), 4.98 (dd, 1H, J = 10.3, 1.0 Hz, 
H7), 4.10 (d, 2H, J = 6.8 Hz, H1), 2.1-2.2 (m, 4H, H5 and H4), 1.75 (apparent s, 
3H, H8), 1.63 (bs, 1H, OH); 13C NMR: δ 139.4 (C3), 138.2 (C6), 124.6 (C2), 115.1 
(C7), 59.0 (C1), 32.3 (C5), 31.4 (C4), 23.4 (C8); HRMS (CI-CH4): Anal. Calcd for 
[C8H14O – H]+:  m/z 125.0966.  Found:  m/z 125.0969 
 
Preparation of epoxide 32 from 31: A flask under positive nitrogen pressure 
was charged with dichloromethane (10 mL), molecular sieves (3 A, 0.1 g), L-(+)-
diisopropyl tartrate (0.027 mL, 0.130 mmol), and titanium(IV) isopropoxide (0.025 
mL, 0.084 mmol). The flask contents were cooled to -20oC. Dry 3.3 M tert-butyl 
hydroperoxide in toluene (0.4 mL, 1.32 mmol) was added and the resulting 
mixture was stirred for 40 min. Allylic alcohol 31 (0.320 g, 0.84 mmol, 75:25 E / 
Z) was dissolved in dichloromethane (5 mL) and the solution was added to the 
epoxidation mixture. The resulting mixture was stirred for an additional 2 hr at -
20oC. The reaction mixture was then warmed to 0oC and water (5 mL) was 
added. The reaction mixture was further warmed to room temperature and a 30% 
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solution of sodium hydroxide in brine (1 mL) was added. The mixture was then 
extracted with dichloromethane (three 10 mL portions).  The combined organic 
layers were washed with brine (one 20 mL portion) and dried over anhydrous 
magnesium sulfate. The dried solution was concentrated under reduced pressure 
to afford 0.2541 g (71% yield) of crude product. The crude product was a 25 / 75 
mixture of the Z-isomer of 31 and epoxide 32 respectively. The crude product 
was purified via flash column chromatography on silica gel (ethyl acetate / 
hexanes, 30 / 70 eluent) leading to a 56% mass recovery of the pure Z-isomer of 
alcohol 31. Treatment of 31 under the same conditions, but utilizing (-)-
diisopropyl tartrate instead of (+)-diisopropyl tartrate afforded 0.2456 g (66%) of 
epoxide 32 and after purification, a 51% mass recovery of the pure Z-isomer of 
alcohol 31. 
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3-methyl-2,3-oxiran-6-hepten-1-ol (32): colorless oil; Rf: 0.92 (EtOAc/hexanes, 
30/70); IR (neat): 3400 (-OH), 3078 (SP2 CH), 1642 (C=C), 1251, 952 cm-1 
(epoxide); 1H NMR; δ 5.81 (m, 1H, H6), 5.02 (dd, 1H, J = 17.1, 1.5 Hz, H7), 4.98 
(dd, 1H, J = 10.2, 1.0 Hz, H7), 3.83, (dd, 1H, J = 12.2, 4.1 Hz, H1), 3.69 (dd, 1H, J 
= 12.2, 6.4 Hz, H1’), 2.98 (dd, 1H, J = 6.5, 4.1 Hz H2), 2.1-2.25, (m, 2H, H5), 1.92, 
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(bs, 1H, OH), 1.75 (ddd, 1H, J = 13.7, 9.3, 6.4 Hz, H4), 1.56 (ddd, 1H, J = 13.8, 
9.4, 6.5 Hz, H4), 1.31, (s, 3H, H8); 13C NMR: δ 137.8 (C6),  115.1 (C7), 62.9 (C2), 
61.4 (C1), 61.0 (C3), 37.7 (C4), 29.4 (C5), 16.8 (C8); COSY spectra show 
correlation of H7,7’ to H6, H6 to H7,7’ and H5, H5 to H6 and H4, H4 to H5, and H2 to 
H1,1’. HMQC spectra show correlation of H6 to C6 (137.8 ppm), H7,7’ to C7 (115.1 
ppm), H1,1’ to C1 (61.4 ppm), H2 to C2 (62.9 ppm), H5 to C5 (29.4 ppm), H4 to C4 
(37.7 ppm), and H8 to C8 (16.8 ppm). HRMS (CI-CH4): Anal. Calcd for [C8H14O2 + 
H]+:  m/z 143.1072.  Found:  m/z 143.1067. 
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1.5: Conclusions 
 
 Nitration of 3-methyl-2-buten-3-ol with acetic anhydride and fuming nitric 
acid directly gave rearranged nitrate ester 27 in 13% yield. Due to the very low 
yield, an alternate and milder nitration method was explored. Nitration using 
lithium nitrate and trifluoroacetic anhydride in the presence of sodium carbonate 
provided a milder synthesis of the nitrate ester 27, now obtained in 67% yield. 
This provides the first example of formal [3,3]-sigmatropic rearrangement of an 
allyl nitrate ester. However, it has not been determined whether rearrangement is 
concerted or involves ionic intermediates. 
Now that the initial allylic alcohol had shown a tandem nitration / 
rearrangement sequence resulting in allylic nitrate ester 27, a second, more 
complex, allylic alcohol was investigated. The alcohol 28 was synthesized via a 
Grignard reaction from 5-hexen-2-one and was subjected to nitration. Allyl 
alcohol 28 was nitrated using lithium nitrate and trifluoroacetic anhydride in the 
presence of sodium carbonate. This gave directly the rearranged nitrate ester 30, 
obtained in 86% yield as a 66:34 mixture of E- and Z-isomers respectively. 
Unfortunately, purification of nitrate ester 30 via flash column chromatography on 
silica gel gave a very low quantity of purified 30. Nor was it possible to separate 
the E- and Z-isomers of 30. Two dimensional TLC analysis confirmed that 30 
decomposed on silica gel. In an attempt to separate the two isomers, nitrate 
ester 30 was first converted to the corresponding alcohol 31.  Chromatography 
performed on alcohol 31 did provide a small amount of the pure Z-isomer prior to 
44 
 
coelution of the mixture. In order to develop a more practical method, a kinetic 
separation was attempted.  The allylic alcohol 31 was subjected to controlled 
Sharpless epoxidation. Treatment of 31 with titanium(IV) isopropoxide, (+)-
diisopropyl tartrate, and tert-butylhydroperoxide provided epoxide 32 in 71% yield 
and the pure Z-isomer of alcohol 31 in 56% recovery. Apparently, the E-isomer of 
31 undergoes epoxidation at a substantially faster rate than the Z-isomer, crucial 
to the kinetic separation.  Treatment under similar conditions, except (+)-
diisopropyl tartrate was replaced by (-)-diisopropyl tartrate, also afforded the pure 
Z-isomer of alcohol 31 along with epoxide 32.  Thus, changing the chiral auxiliary 
did not alter the isomer preference for epoxidation.   
An attempt to nitrate allylic alcohol 33 gave an unexpected result.  Instead 
of simple hydroxyl nitration to form nitrate ester 27, the C,C-double bond was 
also nitrated to give the β-nitroacetamide 35, obtained in 75% yield. From this 
experiment, it was concluded that the nitration of the pure Z-isomer of 31 would 
also likely give a β-nitroacetamide.  It would not be possible to prepare the pure 
Z-isomer of nitrate ester 30 from the Z-isomer of alcohol 31.  However, the same 
observation also led to a major new line of investigation.  It was decided to 
explore the nitration of simple alkenes since clearly the C,C-double bond of 33 
underwent reaction.  The results of this exploration will be discussed in Chapter 
2. 
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Chapter 2: Synthesis and Reactions of β-Nitroacetamides 
 
2.1: Introduction 
 
 β-Nitroacetamides are not naturally occurring compounds and therefore 
must be synthesized.  Interest in β-nitroacetamides is mainly in their potential as 
synthetic intermediates. A number of standard transformations would seem 
possible in order to form a variety of potentially useful compounds, shown in 
Scheme 2.0: 
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Scheme 2.0: β-Nitroacetamides as possible precursors to more complex 
compounds 
 
 β-Nitroacetamides may be employed as the nucleophilic components of 
Michael reactions to prepare more complex β-nitroacetamides, 37. Hydrolysis of 
the amido group should afford β-nitroamines, 40, although there are literature 
indications that these products might be unstable. Conversion of the nitro group 
to a carbonyl group (the Nef reaction) should afford α-acetamido aldehydes, 
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ketones, and acids, 38. Finally reduction of the nitro group should afford 
monoacetylated β-diamines, 39.   
The earliest report of the preparation of a β-nitroacetamide is by 
Scheinbaumn et al. They treated isobutylene with nitronium tetrafluoroborate in 
acetonitrile and observed the formation of nitroacetamide 41 in 13% yield22 
(Scheme 2.1). It was noted that nitronium tetrafluoroborate initiates 
polymerization of olefins and this is a probable cause for the observed low yield 
of product.  
 
CH2
CH3
CH3
+ NO2BF4
1) CH3CN
2) H2O
CH3
NH
NO2
CH3
O
CH3
13%
41  
Scheme 2.1: Synthesis of 41 
 
Trost et al. reported nitroacetamide 42 as the product formed from 
reaction of 2-chloro-2-methylbutane and nitronium tetrafluoroborate23. It was 
proposed that nitronium tetrafluoroborate first promotes elimination to form 2-
methyl-2-butene, followed by the in situ formation of the nitroacetamide, obtained 
in 55% yield (Scheme 2.2). 
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Scheme 2.2: Synthesis of 42 
 
Trost et al. also reported formation of 42 in 55% yield from reaction of 2-
methylbutane with nitronium tetrafluoroborate. They proposed a pathway in 
which 2-methylbutane undergoes formal hydride ion abstraction, leading to a 
carbocation intermediate. The carbocation is then deprotonated to give 2-methyl-
2-butene in situ. 
Kancharla et al. observed the formation of  nitroacetamide 45 during the 
attempted preparation of 2-nitroglycal 4424 (Scheme 2.3). They treated glycal 43 
with silver(I) nitrate and acetyl chloride to obtain three products 44, 45, and 46. In 
this reaction, silver(I) nitrate apparently underwent reaction with acetyl chloride to 
form mixed anhydride 47 and silver chloride. The mixed anhydride is the reagent 
that undergoes reaction with glycal 43 to give the observed products. 
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Scheme 2.3: Nitration of glycal 43 via acetyl chloride and silver(I) nitrate 
 
 Variation of the experimental conditions allowed maximization of either 44 
or 46. The quantity of acetonitrile, reaction temperature and reaction time were 
varied, and different ratios of the products were obtained (Table 2.0). 
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Table 2.0: Product ratios of 44, 45, and 46 under various conditions 
Entry 
No. 
Acetonitrile       
(mL) 
Temperature     
(oC) 
Time     
(hr) 
Ratio 44:45:46 % 
Yield 
1 0.5 
 
35 0.5 0:1.2:4 82 
2 3 15 6 1:3.1:0 68 
3 3 55 1 8:1:0 75 
4 7 15 12 0:1:0 72 
5 7 55 2 1:3.1:0 79 
 
 High temperature (55oC) favored formation of the nitroglycal 44 (Entry 3). 
In general, formation of an alkene such as nitroglycal 44 from a carbocation is 
favored at higher temperature over nucleophilic attack on the carbocation.  The 
change in entropy is more favorable for alkene formation and the entropy 
contribution to free energy change is greater at higher temperature.  Thus the 
entropy term (TΔS) contributes more significantly at higher temperature to free 
energy change: ΔG = ΔH – TΔS.     
Anderson et al. carried out reductive nitro-Mannich reactions in which they 
prepared β-nitroamines that were converted to β-nitrotrifluoroacetamides 48 
isolated  in 80-91% yield25 (Scheme 2.4). 
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Scheme 2.4: Nitro-Mannich reaction 
 
Lenoir et al. employed a Ritter reaction utilizing adamantyloxazolidin-2-
one 49, acetonitrile, and concentrated sulfuric acid to form the β-aminoacetamide 
hydrochloride salt 50 in 23% yield as a crystalline solid26 (Scheme 2.5). This 
result is somewhat related to work that will be described. 
 
N
H
O
O
CH3CN
H2SO4
NH2
NHCOCH3
49 50
HCl.
 
Scheme 2.5: Synthesis of β-aminoacetamide 50 from 49 
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2.2: Results and Discussion 
 
 During an attempt to prepare nitrate ester 27 from 33 using the nitration 
conditions employing lithium nitrate, trifluoroacetic anhydride, sodium carbonate, 
and acetonitrile at 0oC, the β-nitroacetamide 35 was obtained instead. In this 
reaction, it appears that the C,C double bond of 33 underwent reaction to form an 
initial nitroacetamide followed by nitration of the hydroxyl group to give 35 
(Scheme 2.6). As previously discussed in Chapter 1, nitration of 2-methyl-3-
buten-2-ol (an isomer of 33) produced the rearranged nitrate ester 27, but no 
further reaction occurred, and the nitroacetamide 35 was not observed. 
Presumably the formation of nitrate ester 27 prevents subsequent nitration of the 
C,C double bond and formation of the nitroacetamide. Thus for the synthesis of 
35, the allyl alcohol 33 must undergo nitration of the C,C double bond prior to 
nitration of the hydroxyl group. If nitration of the hydroxyl group had occurred 
first, the nitrate ester would have been inert to further reaction under the reaction 
conditions. 
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Scheme 2.6: Synthesis of β-nitroacetamide 35 
 
In order to determine the scope of this reaction, several alkenes were 
subjected to the nitration conditions. Under these conditions, 2-methyl-2-butene 
afforded nitroacetamide 51 in 72% yield as a crystalline white solid. 
Nitroacetamide 51 was conveniently recrystallized in the following way. The 
crude product was first dissolved in warm chloroform and a volume three times 
greater of warm toluene was added. Analytically pure crystals were obtained 
when the resulting solution was cooled. 
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Scheme 2.7: Synthesis of 51 
 
The mechanism shown in scheme 2.8 is proposed for the reaction. 
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Scheme 2.8: Mechanism for formation of β-nitroacetamides 
 
 In the proposed sequence, the alkene double bond attacks the 
electrophilic N-atom of the mixed anhydride, resulting in a tertiary carbocation. 
The solvent, acetonitrile, then attacks the carbocation, in what amounts to a 
Ritter reaction. Hydrolysis, or more likely carbonate-assisted hydrolysis, results in 
oxygenation of the resulting carbocation. Tautomerization completes the 
mechanistic sequence.  
3-Hexene was also subjected to nitration conditions, but no reaction 
occurred. It is concluded that the required secondary carbocation is insufficiently 
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stable to form. Based on this result, it seems that other simple alkenes that do 
not have a disubstituted olefinic carbon atom are unlikely to give reaction. 
When 1,1-diphenylethylene (53) was subjected to the standard nitration 
conditions, a different reaction was observed. Instead of the nitroacetamide, the 
product was nitroalkene 52, formed in 52% yield (Scheme 2.9).  
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Scheme 2.9: Synthesis of nitroalkene 52 
 
 It appears that reaction proceeds to give carbocation 54, but then follows 
a different course. The highly stabilized carbocation is apparently unreactive 
toward acetonitrile (Scheme 2.9). This allows the solid sodium carbonate to 
abstract the acidic proton adjacent to the nitro group to produce the nitroalkene. 
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Nitroalkene 52 has extended conjugation with the two benzene rings, which likely 
promotes its formation. Normally acid base reactions occur quickly, but since 
sodium carbonate is insoluble in acetonitrile, this step only competes effectively 
when the carbocation is too stable to undergo rapid reaction with acetonitrile. 
After these initial results, several other alkenes were subjected to the 
standard nitration conditions. When 2,3-dimethyl-2-butene (56) was added to a 
mixture of lithium nitrate, trifluoroacetic anhydride, sodium carbonate, and 
acetonitrile at 0oC, the nitroacetamide 55 was formed in 74% yield as a white 
crystalline solid (Scheme 2.10). 
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Scheme 2.10: Synthesis of β-nitroacetamide 55 
 
 At higher temperature, the formation of two additional products was noted: 
trifluoroacetate 57 and nitroalkene 58 (Scheme 2.11).  
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Scheme 2.11: Synthesis of β-trifluoroacetylacetamide 57 and nitroalkene 58 
 
 It was initially thought that 57 was an isomer of 55. Upon x-ray 
crystallographic analysis of 57, it was determined that the compound was a 
trifluoroacetate ester rather than a nitro compound. The two C-atoms of the 
trifluoroacetyl group (CF3CO2) did not give observable 13C NMR signals under 
the standard conditions for obtaining spectra. The absence of 13C NMR signals 
for either carbon atom of the trifluoroacetyl group is attributed to abnormally slow 
relaxation. The typical relaxation delay of one second was insufficient to observe 
these signals. A 72 hour 13C NMR experiment was run on 57 with the relaxation 
delay set to ten seconds. Under these conditions, both trifluoroacetyl carbon 
atoms were observed (two quartets arising from 19F-13C coupling).  
 Trifluoroacetate 57 was subjected to the standard nitration conditions in an 
attempt to see if it was a precursor to nitroalkene 58. Indeed, the nitroalkene was 
formed in 36% yield. Apparently, trifluoroacetic acid was eliminated from 57 
affording alkene 59 which underwent nitration. Interestingly, 60 lost a proton in 
preference to being trapped by acetonitrile. Perhaps the carbocation is 
sufficiently hindered to prevent attack by acetonitrile (Scheme 2.12). 
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Scheme 2.12: Formation of nitroalkene 58 from trifluoroacete ester 57 
 
 A cyclic alkene, 1-methylcyclohexene, was subjected to the standard 
nitration conditions in an attempt to form nitroacetamide 62. However, 
dinitroacetamide 61 was initially obtained in 55% yield, as a white crystalline solid 
(Scheme 2.13).  
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Scheme 2.13: Synthesis of β,β’-dinitroacetamide 61 
 
 The structure of the product was confirmed from spectral data. In 
particular, only one 1H NMR signal was obtained for the C2 and C6 protons. Two 
meso diastereomers would be expected to have enantiotopic C2 and C6 protons 
consistent with a single signal. The meso diastereomer 61 appears to be the 
correct structure based on NOE experiments.  
Another attempt to synthesize the mono nitroacetamide 62 was 
performed. The amount of lithium nitrate and trifluoroacetic anhydride was 
reduced from 2.5 equivalents to 1.1 equivalents. Upon nitration under these 
modified conditions, two isomers of mono nitroacetamide 6224 were obtained in a 
1:1 isomer ratio, but the major product of the reaction was the nitroalkene 6427. It 
is concluded that the nitroalkene 64 was also present where 2.5 equivalents of 
lithium nitrate and trifluoroacetic anhydride were employed, but had undergone 
further reaction with excess reagent to give 61. Formation of alkene 64 likely 
involves base catalyzed isomerization of nitroalkene 65, a known process 
(Scheme 2.14). 
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Scheme 2.14: Synthesis of β-nitroacetamide 62 and nitroalkene 64 
   
Nitroalkene 64 was then subjected to the standard nitration conditions and 
indeed 61 was formed as a single diastereomer in 71% yield (Scheme 2.15). 
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Scheme 2.15: Alternative synthesis of β,β’-dinitroacetamide 61 
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 A further reaction employing enone 66 was carried out in order to 
determine the effect of an electron attracting group. One might anticipate that an 
electron-attracting group would deactivate the C,C-double bond, preventing 
nitration. However, this did not prove to be the case. When enone 66 was 
subjected to the standard nitration conditions, the nitroacetamide 67 was 
obtained in 60% yield as a white crystalline solid (Scheme 2.16). Here the acetyl 
group was lost during product formation to produce nitroacetamide 67. However 
when the same reaction was repeated on a larger scale (five times larger), 
nitroacetamide 68 was isolated in which the acetyl group was retained. 
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Scheme 2.16: Synthesis of β-nitroacetamides 62 and 67 
 
  Under these conditions, 68 was produced in 43% yield. It was concluded 
that 68 is base sensitive and on small scale this caused the loss of the acetyl 
group. In both cases, the same size stir bar was used at the same speed. The 
only difference was the reaction volume. For a small volume, ample mixing 
occurred between the layers of the biphase mixture, while with a larger volume, 
mixing of the layers was less efficient. The less efficient mixing was sufficient for 
nitroacetamide formation, but not for acetyl cleavage, a fortuitous outcome for 
preparation of 68.   
 Nitroacetamide 68 was treated with the same amount of solvent and base 
as used to prepare 55, in order to determine if acyl cleavage would occur. Under 
these conditions, 67 did form in 75% yield. This confirms that the product varies 
as a function of reaction volume, presumably due to the efficiency of the mixing.  
Finally, subjugation of 3-methyl-1,3-pentadiene (70) to standard nitration 
conditions was examined. The 1,4-addition product 69 was obtained in 60% yield 
(Scheme 2.17). The structure of 69 is supported by spectral data, in particular, 
the observation of two asymmetric IR stretching bands at 1568 and 1545 cm-1 
characteristic of N-nitro and C-nitro groups, respectively.  
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Scheme 2.17: Synthesis of N-nitroacetamide 69 
 
 The formation of a dinitroamide where the amide N-atom was also nitrated 
was unexpected. It was thought that nitroamide 71 was possibly formed first and 
then underwent a second nitration. Perhaps the more open secondary amido 
group of 71 underwent nitration, whereas this reaction was not observed for the 
more hindered amido groups in 35, 51, 55, 61, 62, 67, 68, 57, and 58. However, 
if 71 was present before hydrolytic work-up, it is unclear what proton source was 
responsible for its formation.  
 The supposition that an open nitroamide such as 71 might be capable of 
nitration was tested. N-Methylacetamide was subjected to the standard nitration 
conditions. Indeed, nitration of this amide occurred and N-nitroamide 7228 was 
obtained in 78% yield as a yellow oil. After these observations, amines were also 
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tested to see if formation of N-nitroamines would occur. Pyrrolidine was 
subjected to the standard nitration conditions and N-nitroamine 7329 was 
obtained in 52% yield as a white crystalline solid. The formation of N-nitroamides 
and N-nitroamines under mild, non-acidic conditions has potential for useful 
synthesis of these classes of energetic materials. 
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Scheme 2.18: Synthesis of N-nitro compounds 72 and 73 
 
 One final attempt to synthesize an N-nitroacetamide was performed on 
acetanilide. Subjugation of acetanilide to the standard nitration conditions 
produced an interesting and unexpected result. Instead of nitrating the N-atom of 
the acetamide as was initially intended, the aromatic ring was nitrated instead to 
give the ortho and para isomers30, 74 and 75 respectively, in 90% yield. The two 
isomers were obtained in a 3.6:1 o:p ratio. It is unknown whether the aromatic 
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ring is directly nitrated, or if aromatic nitration is preceded by formation of an N-
nitroacetamide intermediate as shown by Daskiewicz et al. in a related reaction31.  
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Scheme 2.19: Synthesis of o- and p-nitroacetanilide 
 
As mentioned previously, it was initially thought that trifluoroacetate 57 
was an isomer of the nitroacetamide 55. Consequently, an attempt was made to 
determine a temperature at which interconversion between 55 and 57 might be 
observed. Instead, when 57 was heated to 120oC, it underwent cyclization to 
form oxazolinium trifluoroacetate salt 76. The oxazolinium salt was further 
transformed by aqueous sodium carbonate to oxazoline 77 (Scheme 2.20).   
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Scheme 2.20: Cyclization of trifluoroacetate ester 57 
 
 In order to confirm the structure of the final cyclized product 77, it was 
synthesized independently (Scheme 2.21) from pinacol 78 by a literature 
procedure32. Treatment of 78 with p-formaldehyde and para-toluenesulfonic acid 
afforded dioxolane 79 in 90% yield21. Dioxolane 79 was then treated with 
concentrated sulfuric acid in acetonitrile to give oxazole 77 in 51% yield33. The 
resulting product matched the previously prepared material, confirming the 
structure of 77. 
 
N
O
CH3
CH3CH3
CH3
CH3
OH
CH3
CH3CH3
CH3
OH
O O
CH3
CH3 CH3
CH3
H2SO4
CH3CN
p-TSA
p-formaldehyde
78 79 77  
Scheme 2.21: Alternative synthesis of oxazole 77 
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 Primary and secondary nitro compounds readily undergo Michael 
additions to a variety of activated alkenes. However, there are no reports of β-
nitroacetamides undergoing this reaction. If β-nitroacetamides underwent this 
transformation, a variety of highly functionalized products would be preparable. 
Consequently, 51 was treated with methyl acrylate and DBU in THF34. The 
Michael adduct 80 was obtained in 51% yield as a white crystalline solid. Similar 
reaction of 51 and acrylonitrile in the presence of DBU gave 81 in 48% yield as a 
white crystalline solid (Scheme 2.22). 
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Scheme 2.22: Michael additions of β-nitroacetamide 51 
 
 β-Nitroacetamide 62 (59:41 isomer ratio) similarly underwent Michael 
addition with methyl acrylate in the presence of DBU to give the adduct 84 
(Scheme 2.24). Interestingly, only a single isomer of adduct 84 was isolated in 
61% yield as a white crystalline solid. The stereochemical assignment for 84 is 
based on NOE experiments. It is proposed that the nitronate intermediate 
present in Michael addition to give 84 exhibits internal H-bonding from the amido 
NH proton. This H-bonding occurs preferentially through a trans-decalin ring 
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arrangement that directs reaction to the axial site of the nitronate (Scheme 2.23). 
Such H-bonding should be exceptionally effective owing to the well-documented 
strength of amide H-bonds.  
 
O
C
-
N
N
+
CH3
COCH3
O
-
H
 
Scheme 2.23: trans-decalin type of intermediate 
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Scheme 2.24: Michael addition of β-nitroacetamide 62 
 
 The product 84 was hydrolyzed to determine what new product might 
form.  Upon hydrolysis, it was observed that the amido group was retained and 
only the carbomethoxy group was hydrolyzed. Carboxylic acid 85 was formed in 
67% yield as a white crystalline solid (Scheme 2.25). Further attempted 
hydrolysis was unsuccessful.  Apparently the amido group of 85 is relatively inert 
to hydrolysis. 
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Scheme 2.25: Hydrolysis of β-nitroacetamide 84 
 
  Another characteristic reaction specific to primary and secondary nitro 
compounds is bromination under basic conditions. Would it be possible to 
brominate β-nitroacetamides in a similar fashion?  β-Nitroacetamide 51 was 
treated with sodium methoxide in methanol followed by bromine to form 86 in 
70% yield as a crystalline white solid35 (Scheme 2.26). Similarly, 62 (59:41 
isomer ratio) underwent bromination to give 87, obtained in 68% yield. 
Bromonitro compound 87 was formed as essentially a single isomer (isomer ratio 
equal to or greater than 97:3). The stereochemical assignment for 87 is based on 
NOE data. Perhaps the strong isomer preference in formation of 87 is also a 
result of internal H-bonding. H-Bonding of the amido proton to the nitronate 
(Scheme 2.23) would direct bromination to the axial site resulting in formation of 
87. 
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Scheme 2.26: Bromination and debromination of β-nitroacetamides 
 
 It was also possible to debrominate 86 leading to regeneration of 51. β-
Nitroacetamide 86 was subjected to methanolic sodium iodide and acetic acid 
(Scheme 2.26) and 51 was isolated in 87% yield.   
 Primary and secondary nitro compounds can be converted to carbonyl 
compounds under a variety of conditions. This conversion is commonly referred 
to as the Nef reaction. Application of the Nef reaction to β-nitroacetamides was 
investigated. Thus, β-nitroacetamide 51 was treated with DBU and potassium 
permanganate (alternative Nef conditions) to yield 88 in 63% yield as a white 
crystalline solid36 (Scheme 2.27). This compound has been previously prepared 
by catalytic hydration of alkyne 8937.  
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Scheme 2.27: Nef type reaction of β-nitroacetamide 51 
 
 β-Nitroacetamide 67 that possesses a primary nitro group was also 
transformed in a modified Nef reaction to a carboxylic acid. Here potassium 
hydroxide was used to generate the nitronate which upon potassium 
permanganate oxidation, afforded carboxylic acid 90, isolated in 85% yield as a 
white crystalline solid (Scheme 2.28). The product is an N-protected derivative of 
2-methylalanine. 
 
NO2CH3
NHAc
CH3
OH
O
CH3
NHAc
CH3 85%
KOH
t-buOH
KMnO4
67 90  
Scheme 2.28: Nef type reaction of β-nitroacetamide 67 
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 Another common reaction of nitro compounds is reduction to amines. 
Reduction of β-nitroacetamides was investigated as a means of preparing β-
diamines with clearly differentiated N-atoms. Thus, several β-nitroacetamides 
were reduced to β-aminoacetamides utilizing nickel(II) chloride and sodium 
borohydride in anhydrous methanol38. β-Nitroacetamides 51 and 61 afforded the 
corresponding β-aminoacetamides 91 and 92, respectively, in yields of 71% and 
67%, respectively (Scheme 2.29). In the case of β-nitroacetamide 61, the 
stereochemistry was retained and the product obtained was a single 
diastereomer. Anderson et al. have noted acyl transposition in reductive 
preparations of monoacyltriamines29. They reported trifluoroacetyl transposition 
from more hindered to less hindered N-atoms during reduction of the nitro group 
with zinc metal and 6M hydrochloric acid. No evidence for acetyl transposition 
was noted in the current work. 
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Scheme 2.29: Reductions of β-nitroacetamides 
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2.3: Structure Assignments 
 
 All compounds were characterized using infrared, 1H NMR, 13C NMR, 
mass spectral data, and elemental analysis.  Standard 2D NMR techniques 
(COSY, HMQC) were also routinely performed. Stereochemical assignments are 
based on NOE data for compounds 61, 62a, 62b, 84, 85, 87, and 92. 
 
3-(acetylamino)-3-methyl-2-nitrobutan-1-ol 1-nitrate (35): 
 
NH
ONO2
CH3
CH3
O
CH3 NO2
1
2
3
4
56
7
 
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3293 (N-H) and 1650 (amide I) cm-1. Infrared stretching 
bands for the nitro group at 1558 and 1369 cm-1 and the nitrate group at 1648, 
1284, and 849 cm-1 were also prominent. The 1H NMR spectrum consisted of six 
signals. Two signals, a doublet at 5.61 ppm assigned to H4 and a broad singlet at 
5.43 ppm assigned to N-H were especially diagnostic. 
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N-(2-methyl-3-nitro-2-butyl)acetamide (51): 
 
NH
CH3
CH3
CH3
O
CH3 NO2
1
23
4
56
7  
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3265 (N-H) and 1651 (amide I) cm-1. Infrared stretching 
bands for the nitro group at 1542 and 1358 cm-1 were also prominent. The 1H 
NMR spectrum consisted of six signals. Two signals, a broad singlet at 5.77 ppm 
assigned to the N-H proton and a quartet at 5.48 ppm assigned to H4 were 
especially diagnostic.  
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α-phenyl-β-nitrostyrene (52): 
 
NO2
1 23
4
3
4
5
5
5
56
6  
 
 This compound displayed typical infrared stretching bands for the nitro 
group at 1506 and 1330 cm-1. The 1H NMR spectrum consisted of four signals. 
Three multiplets at 7.19-7.25 ppm attributed to H3, 7.27-7.32 ppm attributed to H4 
and at 7.46-7.40 ppm attributed to H2 were especially diagnostic. The spectra 
were consistent with a previously reported spectrum39. 
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N-(2,3-dimethyl-3-nitro-2-butyl)acetamide (55):  
 
H
N
CH3
CH3 CH3
CH3
NO2
O
CH3
1
2 3
4
5
6
7 8  
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3260 (N-H) and 1648 (amide I) cm-1 and for the nitro group at 
1552 and 1338 cm-1. The 1H NMR spectrum consisted of four signals. A broad 
singlet at 6.08 ppm was assigned to the N-H proton. Singlets at 1.66 ppm 
assigned to H1,1, and at 1.48 ppm assigned to H4,8 were diagnostic. 
 
3-(acetylamino)-2,3-dimethyl-2-butyl trifluoroacetate (57): 
 
1
23
4
56
7
8
O
H
N
CH3
CH3 CH3
CH3
O
CH3
O
CF3
9 10
 
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3288 (N-H) and 1651 (amide I) cm-1 and the trifluroacetyl 
group at 1772, 1371, and 1158 cm-1. The 1H NMR spectrum consisted of four 
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signals. A broad singlet at 5.50 ppm was attributed to the N-H proton, a singlet at 
1.67 ppm was attributed to H4,9, and another singlet at 1.49 ppm was attributed to 
H1 and H10. The 13C NMR gave evidence of three F-atoms. Using a lengthy pulse 
delay gave signals at 156 ppm (q, J = 41.43 Hz) and 114 ppm (q, J = 288 Hz) 
characteristic of the acyl C-atom and CF3, respectively. 
 
N-(2,3-dimethyl-4-nitrobut-3-en-2-yl)acetamide (58): 
 
1
2
3
4
5
6 7 8
H
N
CH3
CH3
CH3
O
CH3
NO2
 
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3257 (N-H) and 1646 (amide I) cm-1, the nitro group at 1551 
and 1338 cm-1, and a C,C-double bond at 3062 (SP2 CH) and 1629 (C=C) cm-1. 
The 1H NMR spectrum consisted of five signals. Especially diagnostic were a 
singlet at 7.11 ppm (assigned to H4), a broad singlet at 5.52 ppm (assigned to the 
N-H proton), and a singlet at 2.20 (assigned to H8). X-Ray crystallographic data 
indicated that 58 was the E-isomer. 
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N-[(1r,2R,6S)-1-methyl-2,6-dinitrocyclohexyl]acetamide (61): 
 
NO2
CH3
NHCOCH3
NO2
1
2
3
4
5
6 7 8
9
 
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3263 (N-H) and 1659 (amide I) cm-1 and the nitro group at 
1552 and 1368 cm-1. The 1H NMR spectrum consisted of five signals. A doublet 
of doublets at 5.85 ppm (J = 11.7 Hz) was attributed to the homotopic H2 and H6 
protons which are both axial and a broad singlet at 5.30 ppm was attributed to 
the N-H proton.  Irradiation of the methyl group (H9) gave NOE enhancement of 
axial H5 and H3 protons. 
 
2-methyl-3-nitro-1-cyclohexene (64): 
 
CH3
NO21
2
3
4
5
6
7
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 This compound displayed typical infrared stretching bands for a C,C-
double bond at 3046 (SP2 CH) and 1630 (C=C) cm-1 and a nitro group at 1543 
and 1373 cm-1. The 1H NMR spectrum consisted of four signals. A triplet at 5.89 
ppm assigned to H1 and another triplet at 4.89 ppm assigned to H3 were 
diagnostic. The spectra were consistent with the literature24. 
  
N-[(R*,S*)-1-methyl-2-nitrocyclohexyl]acetamide (62a): 
 
NO2
CH3
NHCOCH3
1
2
34
5
6
7 8
9
 
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3264 (N-H) and 1659 (amide I) cm-1 and the nitro group at 
1552 and 1368 cm-1. The 1H NMR spectrum consisted of six signals. A broad 
singlet at 6.23 ppm assigned to the N-H proton and a doublet of doublets at 4.49 
ppm (J = 11.7 Hz) attributed to an axial H2 proton were especially diagnostic. The 
spectra were consistent with spectra for one of two unassigned isomers 
previously reported24. Irradiation of H9 showed NOE enhancement of H2 and the 
axial H6 proton confirming the stereochemical assignment. 
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N-[(R*,R*)-1-methyl-2-nitrocyclohexyl]acetamide (62b): 
 
NO2
CH3
NHCOCH31
2
3
4
5
6
7 8
9
 
 
 This compound displayed typical infrared stretching bands for the 
acetamido group at 3284 (N-H) and 1648 (amide I) cm-1 and the nitro group at 
1539 and 1369 cm-1. The 1H NMR spectrum consisted of six signals. A doublet of 
doublets at 5.56 ppm (J = 11.6 Hz) assigned to an axial H2 proton and a broad 
singlet at 5.47 ppm attributed to the N-H proton were especially diagnostic. The 
spectra were consistent with spectra for one of two unassigned isomers 
previously reported24. Irradiation of H9 showed NOE enhancement of the 
equatorial H6 proton confirming the stereochemical assignment. 
 
N-(2-methyl-3-nitro-4-oxo-2-pentyl)acetamide (68):   
 
NH
O
CH3
CH3
CH3
NO2
CH3
O
1
2 3
4
5
6
7
8
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 This compound displayed the typical infrared stretching bands for the 
acetamido group  at 3270 (N-H) and 1639 (amide I) cm-1, the nitro group at 1554 
and 1368 cm-1, and a carbonyl group at 1722 cm-1. The 1H NMR spectrum 
displayed six signals. A singlet at 6.30 ppm attributed to H3, a broad singlet at 
5.78 ppm from the amide proton, and a singlet at 2.33 ppm attributed to H5 were 
especially diagnostic. 
 
N-(2-methyl-1-nitro-2-propyl)acetamide (67): 
 
CH3
CH3
NH
NO2
O
CH3
12
3
45
6
 
 
 This compound displayed the typical infrared stretching bands for the 
acetamido group at 3325 (N-H) and 1658 (amide I) cm-1 and the nitro group at 
1537 and 1370 cm-1. The 1H NMR spectrum displayed four signals. A broad 
singlet at 5.73 ppm from the amide proton and a singlet at 4.84 ppm attributed to 
H1 were especially diagnostic. 
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N-(3-methyl-4-nitro-1-pent-2-enyl)-N-nitroacetamide (69): 
 
CH3
NO2
CH3
N
NO2
O
CH3
1
2
3 4
5
6
7
8  
 
 This compound displayed the typical infrared stretching bands for an 
amide (amide I band) at 1658 cm-1, a C-nitro group at 1545 and 1360 cm-1, and 
an N-nitro group at 1567 and 1278 cm-1. Stretching bands for a C,C-double bond 
at 3006 (SP2 CH) and 1715 (C=C) cm-1 were also apparent. The 1H NMR 
spectrum displayed six signals. A triplet at 5.62 ppm attributed to H2, a quartet at 
4.99 ppm attributed to H4 and a singlet at 2.66 ppm attributed to H7 were 
especially diagnostic. The geometric isomer (E or Z) was not determined. 
 
N-nitro-N-methylacetamide (72):  
 
CH3
O
N
CH3
NO2
1
2
3
 
 
 This compound displayed the typical infrared stretching bands for an 
amide group (amide I band) at 1668 cm-1 and an N-nitro group at 1562 and 1224 
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cm-1. The 1H NMR consisted of two signals. A singlet at 3.59 ppm attributed to H2 
and a singlet at 2.66 ppm attributed to H3 were especially diagnostic. The spectra 
were consistent with the literature28.  
 
o-nitroacetanilide (74):  
 
NH
O
CH3
NO2
1
2
3
4
5
6
7 8
 
 
 This compound showed the typical infrared stretching bands for an 
acetamide group at 3369 and 1695 cm-1 and a nitro group at 1581 and 1267 cm-
1. The 1H NMR spectrum consisted of six signals. A singlet at 10.27 ppm 
attributed to the amide proton and four signals from 7.34-7.94 ppm indicative of 
ortho substitution were diagnostic. The spectra were consistent with the 
literature31. 
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p-nitroacetanilide (75): 
 
NH
NO2
O
CH3
1
2
3
4
5
6
7
8
 
 
 This compound showed the typical infrared stretching bands for an 
acetamide group at 3301 and 1677 cm-1 and a nitro group at 1563 and 1263 cm-
1. The 1H NMR spectrum consisted of four signals. A singlet at 10.55 ppm 
attributed to the amide proton and two signals at 8.21 and 7.82 ppm indicative of 
para substitution were diagnostic.  The spectra were consistent with the 
literature31. 
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N-nitropyrrolidine (73) 
 
NO2
N
1 1
2 2  
 
 This compound showed the typical infrared stretching bands for an N-
nitro group at 1498 and 1310 cm-1. The 1H NMR spectrum consisted of two 
signals. A multiplet at 3.87 ppm attributed to H1 and a multiplet at 2.05 ppm 
attributed to H2 were diagnostic. The spectra were consistent with the literature40. 
 
2,4,4,5,5-pentamethyl-2-oxazoline trifluoroacetate (76): 
 
H N
+
O
CH3
CH3CH3
CH3
CH3
-
OCOCF3
1
2
3
4
5
6
7
8
9 10
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 This compound displayed typical infrared stretching bands for a carbon 
nitrogen double bond at 1671 cm-1, an ammonium salt at 2100-3500 cm-1 and a 
trifluoroacetyl group at 1778, 1383, and 1198 cm-1. The 1H NMR spectrum 
consisted of three signals. A singlet at 2.40 ppm assigned to H1, a singlet at 1.50 
ppm assigned to H6,8, and another singlet at 1.45 ppm attributed to H3,7 were 
diagnostic. The 13C NMR gave evidence of three F-atoms. Signals at 162 (q, J = 
35.7 Hz) and 116 (q, J = 291.2 Hz) were characteristic of the acyl C-atom and 
CF3, respectively. 
 
 
2,4,4,5,5-pentamethyl-2-oxazoline (77): 
 
N
O
CH3
CH3CH3
CH3
CH3
1
2
3
4
5
6
7
8
 
 
  
 This compound displayed typical infrared stretching bands for a carbon 
nitrogen double bond at 1668 cm-1. The 1H NMR spectrum consisted of three 
signals. A singlet at 1.90 ppm assigned to H1, a singlet at 1.28 ppm assigned to  
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H6,8, and another singlet at 1.15 ppm attributed to H3,7, were diagnostic. The 
spectra were consistent with the literature33. 
 
4,4,5,5-tetramethyldioxolane (79): 
 
O O
CH3
CH3 CH3
CH3
1
2
3
4 5
6
7
 
 
 The 1H NMR consisted of two signals, a singlet at 4.99 ppm from H1  
and another singlet at 1.20 ppm attributed to H2,3,6,7 were especially diagnostic. 
The spectra were consistent with the literature21. 
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methyl 5-acetylamino-4-nitro-4,5-dimethylhexanoate (80): 
 
CH3
NH
CH3
CH3
NO2
O
CH3
O
O CH312
3
45
6
78
9 10
11
 
 
 This compound displayed typical infrared stretching bands for an 
acetamide at 3356 (N-H) and 1662 (amide I) cm-1. Stretching bands for a nitro 
group at 1547 and 1372 cm-1 and an ester carbonyl group at 1731 cm-1 were also 
observed. The 1H NMR consisted of nine signals. A broad singlet at 5.94 ppm 
from the amide proton and a singlet at 3.69 ppm attributed to H11 were especially 
diagnostic. 
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N-(5-cyano-2,3-dimethyl-3-nitro-2-pentyl)acetamide (81): 
 
CH3
NH
CH3
CH3
NO2
O
CH3
CN
1
2 3 4
5
67
8 9
10
 
 
 This compound displayed typical infrared stretching bands for an 
acetamide at 3358 (N-H) and 1682 (amide I) cm-1. Stretching bands for a nitro 
group at 1531 and 1344 cm-1, and a cyano group at 2261 cm-1 were also 
observed. The 1H NMR consisted of seven signals. A broad singlet at 5.71 ppm 
from the amide proton was especially diagnostic. 
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Methyl 3-[2-(acetylamino)-2-methyl-1-nitrocyclohexyl]propanoate (84): 
 
NO2
CH3
NHCOCH3
OCH3O
1
23
4
5
6
7 8
9
10 11
12
13  
 
 This compound displayed typical infrared stretching bands for an 
acetamide at 3553 (N-H) and 1661(amide I) cm-1. Stretching bands were 
observed for an ester carbonyl group at 1730 cm-1, and a nitro group at 1533 and 
1306 cm-1. The 1H NMR consisted of seven signals. A broad singlet at 6.57 ppm 
from the amide proton and a singlet at 3.70 ppm from H13 were especially 
diagnostic. One of the H10 protons showed long range coupling (W-coupling) to 
the axial H6 proton consistent with the axial placement of the ester side chain in 
the major populated ring conformation. Irradiation of the axial H4 proton showed 
NOE enhancement of the methyl H9 protons (1,3-diaxial coupling) as well as 
other enhancements confirming the stereochemistry. 
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N-(3-bromo-2-methyl-3-nitro-2-butyl)acetamide (86): 
 
CH3
CH3 CH3
NO2
BrNH
O
CH3
1
2 3
4
56
7  
 
 This compound displayed typical infrared stretching bands for an 
acetamide at 3300 (N-H) and 1666 (amide I) cm-1. Stretching bands for a nitro 
group at 1552 and 1368 cm-1 were also observed . The 1H NMR consisted of five 
signals. A broad singlet at 6.27 ppm from the amide proton and a singlet at 2.33 
ppm attributed to H4 were especially diagnostic. The mass spectrum (CI-CH4) 
showed the presence of one Br-atom. 
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N-(2-bromo-1-methyl-2-nitrocyclohexyl)acetamide (87):  
 
NO2
CH3
NHCOCH3
Br
1
234
5
6
7 8
9
 
 
 This compound displayed the typical infrared stretching bands for an 
acetamide at 3297 (N-H) and 1663 (amide I) cm-1 and for a nitro group at 1552 
and 1368 cm-1. The 1H NMR consisted of eight signals. A broad singlet at 6.80 
ppm attributed to the N-H proton and a multiplet at 3.02 ppm attributed to the 
equitorial H3, and a signal (ddd) attributed to the axial H5 proton were especially 
diagnostic. The mass spectrum (CI-CH4) showed the presence of one Br-atom.  
Irradiation of the axial H3 proton gave NOE enhancement of the methyl group (H9 
protons). 
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3-[2-(acetylamino)-2-methyl-1-nitrocyclohexyl]propanoic acid (85): 
 
NO2
CH3
NHCOCH3
OHO
1
23
4
5
6
7 8
9
10 11
12
 
 
 This compound displayed the typical infrared stretching bands for an 
acetamide at 3376 (N-H) and 1632 (amide I) cm-1 and a carboxylic acid at 3350-
2600 (carboxyl OH) and 1726 (C=O) cm-1. Stretching bands for a nitro group at 
1543 and 1371 cm-1 were observed. The 1H NMR displayed ten signals. A broad 
singlet at 12.3 ppm from the carboxyl proton and another broad singlet at 7.27 
ppm from the amide proton were especially diagnostic.  
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N-(2-methyl-3-oxo-2-butyl)acetamide (88): 
 
O
CH3
CH3
NH
CH3
O
CH3
1
2 3
4
56
7  
 
 This compound displayed typical infrared stretching bands for an 
acetamide at 3281 (N-H) and 1640 (amide I) cm-1 and a ketone C=O at 1713 
(C=O) cm-1. The 1H NMR consisted of four signals, all singlets. A broad singlet at 
6.33 ppm form the amide proton and a singlet at 2.19 ppm attributed to H4 were 
especially diagnostic. 
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2-(acetylamino)-2-methylpropanoic acid (90): 
 
CH3
CH3
NH
O
OH
O
CH3
12
3
45
6  
 
 This compound displayed the typical infrared stretching bands for an 
acetamide  at 3342 (N-H) and 1608 (amide I) cm-1 and a carboxylic acid at 3300-
2600 (carboxyl OH) and 1699 (C=O) cm-1. The 1H NMR displayed four signals. A 
broad singlet at 12.07 ppm from the carboxyl proton and another broad singlet at 
8.00 ppm from the amide proton were especially diagnostic. 
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3-(acetylamino)-3-methyl-2-butylammonium chloride (91):  
 
CH3
NH
CH3
CH3
NH3
+
O
CH3
Cl
-
1
23
4
5
6
7
 
 
 This compound displayed the typical infrared stretching bands for an 
acetamide at 3265 (N-H) and 1642 (amide I) cm-1 and for an ammonium ion at 
2500-3200 cm-1. The 1H NMR spectrum consisted of six signals. A broad doublet 
at 8.11 ppm was attributed to the ammonium protons. A broad singlet at 8.03 
ppm attributed to the amide N-H proton and a multiplet at 3.98 ppm attributed to 
H2 were especially diagnostic. 
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N-[(1r,2R,6S)-2,6-diamino-1-methylcyclohexyl]acetamide (92): 
 
NH2
CH3
NHCOCH3
NH2
1
2
3
4
5
6
7 8
9
 
 
 This compound displayed the typical infrared stretching bands for an 
acetamide at 3357 (N-H) and 1645 (amide I) cm-1 and for a primary amine at 
3301 and 3283 cm-1. The 1H NMR spectrum consisted of seven signals. A broad 
singlet at 5.51 ppm attributed to the N-H proton and a doublet of doublets at 3.51 
ppm (J = 12.2, 3.91 Hz) attributed to axial homotopic H2,6 protons were especially 
diagnostic. The stereochemical assignment is based on analogy to the precursor 
61.  
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2.4 Experimental 
 
General Methods 
 
Anhydrous acetonitrile was obtained as follows: A flask was charged with 
acetonitrile (800 mL) and calcium hydride (5 g). The solution was refluxed for 30 
min, followed by distillation and collection of the anhydrous acetonitrile. The 
anhydrous acetonitrile was stored over 3 A molecular sieves. 
 
Lithium nitrate and trifluoroacetic anhydride were stored in a dessicator over 
phosphorus pentoxide to ensure that both reagents remained anhydrous.  
 
Preparation of β-nitroacetamide 35 from allylic alcohol 33: A flask under 
positive nitrogen pressure was charged with anhydrous acetonitrile (40 mL), 
lithium nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 mL, 0.020 
mol). The resulting solution was stirred for 30 min at room temperature and was 
then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and the 
mixture was stirred for an additional 30 min. 3-Methyl-2-buten-1-ol (1 mL, 0.010 
mol) was added and the resulting reaction mixture was stirred for an additional 4 
hrs. The reaction mixture was then poured into water (50 mL). The crude organic 
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product was extracted with dichloromethane (three 50 mL portions), and the 
combined organic layers were dried over anhydrous magnesium sulfate. The 
dried solution was concentrated under reduced pressure to give 1.8581 g of the 
crude product. This crude product was purified by flash chromatography on silica 
gel (ethyl acetate/hexanes, 20/80 eluent) affording 1.7281 g (75% yield) of pure 
35.  
 
NH
ONO2
CH3
CH3
O
CH3 NO2
1
2
3
4
56
7
 
 
 
3-(acetylamino)-3-methyl-2-nitrobutyl nitrate (35): yellow oil; Rf 
0.91(EtOAc/hexanes, 20/80); IR (neat) 3293, 1650 cm-1 (NHCOCH3), 1558, 1369 
cm-1 (NO2), 1648, 1284, and 849 cm-1 (NO3); 1H NMR: δ 5.61 (dd, 1H, J = 9.8, 
2.4 Hz, H2), 5.43 (bs, 1H, N-H), 5.05 (dd, 1H, J = 12.5, 9.8 Hz, H1), 4.91 (dd, 1H, 
J = 12.5, 2.4 Hz, H1’), 1.99 (s, 3H, H6), 1.54 (s, 3H, H7), 1.47 (s, 3H, H4). 13C 
NMR: δ 170.8 (C5), 87.8 (C2), 69.2 (C1), 54.3 (C3), 25.2 (C7), 24.06 (C6), 24.02 
(C4). COSY spectra show coupling of H4 to the diastereotopic H5 /H5’ protons. 
HMQC spectra show coupling of H2 to C2 (87 ppm), H1 /H1’ to C1 (69 ppm), H6 to 
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C6 (24.05 ppm), H7 to C7 (25.2 ppm), and H4 to C4 (24.02). HRMS (CI-CH4): Anal. 
Calcd for [C7H13N3O6 + H]+:  m/z 236.0882.  Found:  m/z 236.0880.  
 
Preparation of β-nitroacetamide 51 from 2-methyl-2-butene: A flask under 
positive nitrogen pressure was charged with anhydrous acetonitrile (40 mL), 
lithium nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 mL, 0.020 
mol). The resulting solution was stirred for 30 min at room temperature and was 
then cooled to 0-5oC.  Sodium carbonate (2.12 g, 0.020 mol) was added and the 
mixture was stirred for an additional 30 min. 2-Methyl-2-butene (1.0 mL, 0.010 
mol) was added and the resulting reaction mixture was stirred for an additional 
12 hr. The reaction mixture was then poured into water (50 mL). The crude 
organic product was extracted with dichloromethane (three 50 mL portions), and 
the combined organic layers were dried over anhydrous magnesium sulfate. The 
dried solution was concentrated under reduced pressure to give 1.3468 g of the 
crude product. The crude product was first dissolved in warm chloroform and a 
volume three times greater of warm toluene was added. On cooling, analytically 
pure crystalline 51 (1.1768 g, 72% yield) was obtained. 
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N-(2-methyl-3-nitro-2-butyl)acetamide (51): white crystalline solid; mp: 103-
105oC; IR (neat) 3265 (N-H), 1651 (amide I), 1542 (NO2), 1358 (NO2); 1H NMR: δ 
5.77 (bs, 1H, N-H), 5.48 (q, 1H, J = 6.8 Hz, H2), 1.96 (s, 3H, H6), 1.51 (d, 3H, J = 
6.8 Hz, H1), 1.47 (s, 3H, H7), 1.35 (s, 3H, H4). 13C NMR: δ 170.5 (C5), 86.2 (C2), 
55.5 (C3), 24.19 (C6), 24.15 (C4), 22.8 (C7), 14.2 (C1). COSY spectra show 
correlation between H2 and H1. HMQC spectra show coupling between H2 to C2 
(86.2 ppm), H6 to C6 (24.19 ppm), H1 to C1 (14.2 ppm), H4 to C4 (24.15 ppm), and 
H7 to C7 (22.8 ppm). HRMS (CI-CH4): Anal. Calcd for [C7H14N2O3 + H]+:  m/z 
175.1083.  Found:  m/z 175.1089; Anal. Calcd for C7H14N2O3: C, 48.26; H, 8.10; 
N, 16.08. Found: C, 48.21; H, 8.25; N, 16.09.  
 
 
Alternative preparation of β-nitroacetamide 51 from 86: A nitrogen-flushed 
flask was charged with 2-bromo-2-nitro-3-acetamido-3-methylbutane (0.512 g, 
1.5 mmol) and placed in an ice bath (0-5°C).  A 25% (v/v) acetic acid solution in 
methanol (50 mL) was added and solution obtained with stirring.  A cold (0-5°C) 
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0.52 M solution of sodium iodide (2.342 g, 15.6 mmol ) in methanol (30 mL) was 
added rapidly with stirring.  The resulting cold solution was stirred for 30 minutes 
at 0-5°C and was then diluted with water (300 mL).  The crude product was 
extracted using dichloromethane (three 50-mL portions).  The combined organic 
layers were washed with a saturated aqueous sodium bisulfite solution (100 mL), 
followed by water (three 25-mL portions) and dried over anhydrous MgSO4.  The 
dried solution was concentrated at reduced pressure to give 0.3054 g (87% yield) 
of 51.  
 
Preparation of α-phenyl-β-nitrostyrene from 1,1-diphenylethylene:  A flask 
under positive nitrogen pressure was charged with anhydrous acetonitrile (20 
mL), lithium nitrate (1.25 g, 0.018 mol), and trifluoroacetic anhydride (1.40 mL, 
0.010 mol). The resulting solution was stirred for 30 min at room temperature and 
was then cooled to 0-5oC. Sodium carbonate (1.06 g, 0.010 mol) was added and 
the mixture was stirred for an additional 30 min. 1,1-Diphenylethylene (0.9 mL, 
0.005 mol) was added and the resulting reaction mixture was stirred for an 
additional 12 hr. The reaction mixture was then poured into water (25 mL). The 
crude organic product was extracted with dichloromethane (three 25 mL portions) 
and the combined organic layers were dried over anhydrous magnesium sulfate. 
The dried solution was concentrated under reduced pressure to give 1.0662 g of 
the crude product. This crude product was purified by flash chromatography on 
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silica gel (ethyl acetate/hexanes, 40/60 eluent) and subsequent recrystallization 
from 200 proof ethanol to afford 0.7562 g (52% yield) of pure 52. 
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α-phenyl-β-nitrostyrene (52): yellow crystalline solid; mp: 85-87oC; Rf: 0.55 
(EtOAc/hexanes, 40/60); IR (neat) 3110, 1594 cm-1 (Ph), 1507, 1330 cm-1 (NO2), 
3061, 1618 cm-1 (C=C-H); 1H NMR: δ 7.19-7.25 (m, 2H, H3), 7.27-7.32 (m, 2H, 
H4), 7.40-7.46 (m, 1H, H2), 7.02-7.15 (m, 6H, H5, H6);  13C NMR: δ 150.5 (C2),  
137.13 (C3), 135.5 (C7), 134.4 (C1), 130.9 (C4), 129.3 (C5), 128.9 (C6), 128.8 (C8), 
128.7 (C9), 128.5 (C10); HRMS (CI-CH4): Anal. Calcd for [C14H11NO2 + H]+:  m/z 
226.0868.  Found:  m/z 226.0863.  
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Preparation of β-nitroacetamide 55 from 2,3-dimethyl-2-butene: A flask 
under positive nitrogen pressure was charged with anhydrous acetonitrile (40 
mL), lithium nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 mL, 
0.020 mol).  The resulting solution was stirred for 30 min at room temperature 
and was then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added 
and the mixture was stirred for an additional 30 min. 2,3-Dimethyl-2-butene (1.2 
mL, 0.010 mol) was added and the resulting reaction mixture was stirred for an 
additional 12 hr. The mixture was then poured into water (50 mL). The crude 
organic product was extracted with dichloromethane (three 50 mL portions), and 
the combined organic layers were dried over anhydrous magnesium sulfate. The 
dried solution was concentrated under reduced pressure to give 1.8654 g of the 
crude product. The crude product was first dissolved in warm chloroform and a 
volume three times greater of warm toluene was added. Analytically pure crystals 
were obtained when the resulting solution was cooled affording 1.4253 g (74% 
yield) of pure 55. 
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N-(2,3-dimethyl-3-nitro-2-butyl)acetamide (55): white crystalline solid; mp: 
105-107oC; IR (neat) 3260 (N-H), 1648 (amide I), 1552 (NO2), 1338 (NO2); 1H 
NMR: δ 6.08 (bs, 1H, N-H), 1.98 (s, 3H, H6), 1.66 (s, 3H, H1,7), 1.48 (s, 3H, H4,8). 
13C NMR: δ 169.9 (C5), 95.2 (C3), 58.6 (C2), 25.0 (C6), 22.6 (C1,7), 22.5 (C4,8). 
HMQC spectra show coupling between H6 to C6 (25.0 ppm), H1,7 to C1,7 (22.6 
ppm), and H4,8 to C4,8 (22.5 ppm). HRMS (CI-CH4): Anal. Calcd for [C8H16N2O3 + 
H]+:  m/z 189.1239.  Found:  m/z 189.1239. Anal. Calcd for C8H16N2O3: C, 50.90; 
H, 8.57; N, 14.88. Found: C, 50.74; H, 8.38; N, 14.97.  
 
Preparation of trifluoroacetate 57 from 2,3-dimethyl-2-butene: A flask under 
positive nitrogen pressure was charged with anhydrous acetonitrile (40 mL), 
lithium nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 mL, 0.020 
mol). The resulting solution was stirred for 30 min at room temperature and was 
then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and the 
mixture was stirred for an additional 30 min. 2,3-Dimethyl-2-butene (1.2 mL, 
0.010 mol) was added and the resulting reaction mixture was allowed to warm up 
to room temperature, and stirring was continued for an additional 12 hr. The 
mixture was then poured into water (50 mL). The crude organic product was 
extracted with dichloromethane (three 50 mL portions), and the combined 
organic layers were dried over anhydrous magnesium sulfate. The dried solution 
was concentrated under reduced pressure to give 1.8654 g of a 66:34 mixture of 
nitroacetamide 55 and trifluoroacetate 57 respectively. The mixture was 
separated via flash column chromatography on silica gel (ethyl acetate/hexanes, 
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50/50 eluent). The trifluoroacetate eluted first (Rf 0.62) followed by the 
nitroacetamide (Rf 0.44). The trifluoroacetate 57 was first dissolved in warm 
chloroform and a volume three times greater of warm toluene was added. On 
cooling, analytically pure crystalline 57 (1.3402 g, 71% yield) was obtained. 
The above procedure was repeated without cooling. To avoid excessive 
heat generation, 2,3-dimethyl-2-butene was added dropwise over 5 min. The 
resulting crude product amounted to 0.6214 g of a 40:60 mixture of 
nitroacetamide 55 and trifluoroacetate 57, respectively. 
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3-(acetylamino)-2,3-dimethyl-2-butyltrifluoroacetate (57): white crystalline 
solid; mp: 120-122oC; IR (neat) 3288 (N-H), 1651 cm-1 (amide I), 1772, 1371, 
1158 cm-1 (-OCOCF3); 1H NMR: δ 5.50 (bs, 1H, N-H), 1.96 (s, 3H, H6), 1.67 (s, 
3H, H4.9), 1.49 (s, 3H, H1,10). 13C NMR: δ 169.8 (C5), 156.4 (J= 41.4 Hz) (C7), 
114.1 (J = 288.2 Hz) (C8), 94.2 (C2), 60.4 (C3), 25.1 (C6), 22.2 (C4,9), 20.7 (C1,10). 
HMQC spectra show coupling of H6 to C6 (25.0 ppm), H4,9 to C4,9 (22.2 ppm), and 
H1,10 to C1,10 (20.7 ppm). HRMS (CI-CH4): Anal. Calcd for [C10H16F3NO3 + H]+:  
m/z 256.1161.  Found:  m/z 256.1164. Anal. Calcd for C10H16F3NO3: C, 47.06; H, 
6.32; N, 5.49. Found: C, 47.33; H, 6.55; N, 5.13.  
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Preparation of nitroalkenyl acetamide 58 from 57: A flask under positive 
nitrogen pressure was charged with anhydrous acetonitrile (4 mL), lithium nitrate 
(0.250 g, 0.0036 mol), and trifluoroacetic anhydride (0.280 mL, 0.0020 mol). The 
resulting solution was stirred for 30 min at room temperature. Sodium carbonate 
(0.212 g, 0.0020 mol) was added and the mixture was stirred for an additional 30 
min. Trifluoroacetate 57 (0.1 g, 0.39 mmol) was added and the resulting reaction 
mixture was stirred for an additional 12 hrs. The reaction mixture was then 
poured water (20 mL). The crude organic product was extracted with 
dichloromethane (three 10 mL portions), and the combined organic layers were 
dried over anhydrous magnesium sulfate. The dried solution was concentrated 
under reduced pressure to give 0.026 g of a 2:1 mixture of 57 and 58 
respectively. 
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N-(2,3-dimethyl-4-nitrobut-3-en-2-yl)-acetamide (58): white crystalline solid; 
mp: 120-121oC; IR: (neat) 3257 (N-H), 1646 cm-1 (amide I), 1551, 1338 cm-1 
(NO2), 3062 (SP2 CH), 1629 cm-1 (C=C); 1H NMR: δ 7.11 (s, 1H, H4), 5.52 (bs, 
1H, N-H), 2.20 (s, 3H, H8), 1.98 (s, 3H, H6), 1.49 (s, 6H, H1,7); 13C NMR: δ 169.2 
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(C5), 156.0 (C3), 135.5 (C4), 56.2 (C2), 26.9 (C1,7), 23.6 (C6), 14.6 (C8); HMQC 
spectra show correlation between H4 and C4, H8 and C8, H6 and C6, H1,7 to C1,7; 
HRMS (CI-CH4): Anal. Calcd for [C8H14N2O3 + H]+:  m/z 187.1082.  Found:  m/z 
187.1084. Anal. Calcd for C8H14N2O3: C, 51.60; H, 7.58; N, 15.04. Found: C, 
51.56; H, 7.34; N, 14.90.  
 
Preparation of dinitroacetamide 61 from 1-methylcyclohexene: A flask under 
positive nitrogen pressure was charged with anhydrous acetonitrile (40 mL), 
lithium nitrate (2.50 g, 0.018 mol), and trifluoroacetic anhydride (2.82 mL, 0.010 
mol). The resulting solution was stirred for 30 min at room temperature and was 
then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and the 
mixture was stirred for an additional 30 min. 1-Methylcyclohexene (1.0 mL, 0.010 
mol) was added and the resulting reaction mixture was stirred for an additional 
12 hr. The reaction mixture was then poured water (50 mL). The crude organic 
product was extracted with dichloromethane (three 50 mL portions), and the 
combined organic layers were dried over anhydrous magnesium sulfate. The 
dried solution was concentrated under reduced pressure to produce 0.9641 g of 
the crude product. The product was purified via flash column chromatography on 
silica gel (ethyl acetate:hexanes, 20:80). The crude product was first dissolved in 
warm chloroform and a volume three times greater of warm toluene was added. 
Analytically pure crystals were obtained when the resulting solution was cooled 
affording 0.6451 g (31% yield) of pure 61. 
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N-[(1r,2R,6S)-1-methyl-2,6-dinitrocyclohexyl]acetamide (61): white crystalline 
solid; Rf: 0.58 (EtOAc/hexanes, 20/80); mp: 224-226oC; IR (neat) 3263 (N-H), 
1659 cm-1 (amide I), 1552, 1368 cm-1 (NO2); 1H NMR: δ 5.85 (dd, 2H, J = 11.9, 
5.4 Hz, H2,6), 5.30 (bs, 1H, N-H), 2.10-2.25 (m, 4H, H3,5), 2.05 (s, 3H, H8), 2.01 
(m, 1H, H4) 1.52 (m, 1H, H4), 1.27 (s, 3H, H9). 13C NMR: δ 171.6 (C7), 84.0 (C2,6), 
58.4 (C1), 25.9 (C3,5), 24.1 (C8), 19.6 (C4), 15.0 (C9). COSY spectra show a 
coupling of H2,6 to H3,5 and H3,5 to H4. HMQC spectra show coupling between H2,6 
and C2,6 (84 ppm), H3,5 to C3,5 (26 ppm), H8 to C8 (24 ppm), H4 to C4 (20 ppm), 
and H9 to C9 (15 ppm). NOE: H9 IRR: H3,5 axial (4.71% enhancement); HRMS 
(CI-CH4): Anal. Calcd for [C9H15N3O5 + H]+:  m/z 246.1090.  Found:  m/z 
246.1100. Anal. Calcd for C9H15N3O5: C, 44.08; H, 6.17; N, 17.13. Found: C, 
44.07; H, 7.34; N, 14.90.  
 
Alternative preparation dinitroacetamide 61 from nitroalkene 64: A flask 
under positive nitrogen pressure was charged with anhydrous acetonitrile (40 
mL), lithium nitrate (2.50 g, 0.018 mol), and trifluoroacetic anhydride (2.82 mL, 
0.010 mol). The resulting solution was stirred for 30 min at room temperature and 
was then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and 
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the mixture was stirred for an additional 30 min. 2-methyl-3-nitro-1-cyclohexene 
(1.0 g, 0.007 mol) was added and the resulting reaction mixture was stirred for an 
additional 12 hrs. The reaction mixture was then poured water (50 mL). The 
crude organic product was extracted with dichloromethane (three 50 mL 
portions), and the combined organic layers were dried over anhydrous 
magnesium sulfate. The dried solution was concentrated under reduced pressure 
to produce 1.2946 g of the crude product. The product was purified via flash 
column chromatography on silica gel (ethyl acetate:hexanes, 20:80). The crude 
product was first dissolved in warm chloroform and a volume three times greater 
of warm toluene was added. Analytically pure crystals were obtained when the 
resulting solution was cooled affording 0.9546 g (55% yield) of pure 61. 
 
Preparation of β-nitroacetamide 62a,b and nitroalkene 64 from 1-
methylcyclohexene: A flask under positive nitrogen pressure was charged with 
anhydrous acetonitrile (40 mL), lithium nitrate (1.25 g, 0.018 mol), and 
trifluoroacetic anhydride (1.40 mL, 0.010 mol). The resulting solution was stirred 
for 30 min at room temperature and was then cooled to 0-5oC. Sodium carbonate 
(2.12 g, 0.020 mol) was added and the mixture was stirred for an additional 30 
min. 1-Methylcyclohexene (1.0 mL, 0.010 mol) was added and the resulting 
reaction mixture was stirred for an additional 12 hr. The reaction mixture was 
then poured into water (50 mL). The crude organic product was extracted with 
dichloromethane (three 50 mL portions), and the combined organic layers were 
dried over anhydrous magnesium sulfate. The dried solution was concentrated 
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under reduced pressure to produce a mixture of the R*,R* diastereomer of the 
nitroacetamide 62a, the R*,S* diastereomer of the nitroacetamide 62b, and 2-
methyl-3-nitro-cyclohexene. The nitroalkene and nitroacetamide diastereomers 
were separated via flash chromatography on 100 g silica gel with 800 mL ethyl 
acetate/hexanes, 10:90 eluent to elute the nitroalkene, and then 1.5 L ethyl 
acetate/hexanes, 65:35 eluent to elute nitroacetamide 62a followed by its 
diastereomer 62b. 2-Methyl-3-nitro-1-cyclohexene was further purified by Kugel-
Rohr distillation. 
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2-methyl-3-nitro-1-cyclohexene (64): colorless oil; bp 80-90oC (20 mmHg); Rf: 
0.87 (EtOAc/hexanes, 10/90); bp: 80oC at 200 mmHg; IR (neat) 1543, 1373 cm-1 
(NO2), 3046 (SP2 CH), 1630 (C=C); 1H NMR: δ 5.89 (m, 1H, H1), 4.89 (m, 1H, 
H3), 1.73 (s, H7) and 1.6-2.4 (m H4,5,6,) [total 9H]. 13C NMR: δ 131.1 (C1), 126.6 
(C2), 85.3 (C3), 28.5 (C4), 24.7 (C5), 20.8 (C7), 17.8 (C6). COSY spectra show a 
correlation between H1 to H6, H3 to H4, and H4,6 to H5. HMQC spectra show 
coupling between H1 and C1 (131 ppm), H3 and C3 (86 ppm), H4 to C4 (28 ppm), 
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H5 to C5 (25 ppm), H6 to C6 (18 ppm), and H7 to C7 (21 ppm). HRMS (CI-CH4): 
Anal. Calcd for [C7H11NO2 + H]+:  m/z 142.0863.  Found:  m/z 142.0863.  
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N-[(R*,S*)-1-methyl-2-nitrocyclohexyl]acetamide (62a): white crystalline solid; 
Rf: 0.14 (EtOAc/hexanes, 10/90); mp: 77-78oC; IR (neat) 3264 (N-H), 1659 
(amide I) cm-1, 1552, 1368 cm-1 (NO2); 1H NMR (C6D6): δ 5.81 (bs, 1H, N-H), 
3.96 (dd, 1H, J = 11.19, 2.92 Hz, axH2), 3.03 (m, 1H, eqH6), 1.62 (m, 1H, axH3), 
1.52 (s, 3H, H8), 1.32 (s, 3H, H9), 1.24 (m, 2H, H3,5), 1.12 (m, 1H, H5), 1.04 (m, 
1H, H4), 0.64 (m, 1H, H4), 0.52 (m, 1H, axH6);  13C NMR: δ 169.8 (C7), 92.5 (C2), 
55.1 (C1), 33.6 (C3), 27.0 (C6), 24.6 (C8), 23.7 (C9), 23.4 (C4), 20.4 (C5). COSY 
spectra show a correlation between H2 to H3, H3,5 to H4, and H6 to H5. HMQC 
spectra show coupling between H2 and C2 (93 ppm), H3 axial to C3 (34 ppm), H6 
to C6 (27 ppm), H8 to C8 (25 ppm), H4 to C4 (23 ppm), H5 to C5 (20 ppm), and H9 
to C9 (24 ppm). NOE: H2 IRR: H9 (5.66% enhancement), H9 IRR: H2 (2.36% 
enhancement), H6 axial (2.11% enhancement); HRMS (CI-CH4): Anal. Calcd for 
[C9H16N2O3 + H]+:  m/z 201.1239.  Found:  m/z 201.1247. Anal. Calcd for 
C9H16N2O3: C, 53.98; H, 8.05; N, 13.99. Found: C, 54.08; H, 7.83; N, 13.88.  
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N-[(R*,R*)-1-methyl-2-nitrocyclohexyl]acetamide (62b): white crystalline sold; 
Rf: 0.09 (EtOAc/hexanes, 10/90); mp: 105-106oC; IR (neat) 3284 (N-H), 1648 cm-
1 (amide I), 1539, 1369 cm-1 (NO2); 1H NMR (C6D6): δ 5.54 (dd, 1H, J = 11.4, 5.1 
Hz, axH2l), 4.60 (bs, 1H, N-H), 2.57 (m, 1H, axH6), 1.63 (m, 1H, axH3), 1.52 (s, 
3H, H8), 1.44 (m, 1H, eqH3), 1.40 (m, 1H, axH5), 1.17 (m, 1H, eqH5), 1.12 (m, 1H, 
eqH4), 0.85 (m, 2H, axH4 and eqH6), 0.77 (s, 3H, H9); 13C NMR: δ 170.3 (C7), 
86.2, (C2), 56.4 (C1), 35.5 (C6), 26.7 (C3), 24.6 (C8), 23.3 (C4), 21.8 (C5), 19.6 
(C9). COSY spectra show a correlation between H2 to H3, H3,5 to H4, and H6 to 
H5. HMQC spectra show coupling between H2 and C2 (86 ppm), H6 to C6 (35 
ppm), H3 to C3 (27 ppm), H8 to C8 (25 ppm), H4 to C4 (23 ppm), H5 to C5 (22 
ppm), and H9 to C9 (20 ppm); NOE: H2 IRR: H6 axial (1.76% enhancement), no 
H9 enhancement; HRMS (CI-CH4): Anal. Calcd for [C9H16N2O3 + H]+:  m/z 
201.1239.  Found:  m/z 201.1245. Anal. Calcd for C9H16N2O3: C, 53.98; H, 8.05; 
N, 13.99. Found: C, 54.26; H, 7.92; N, 13.86.  
 
Preparation of β-nitroacetamide 68 from 4-methyl-3-penten-2-one: A flask 
under positive nitrogen pressure was charged with anhydrous acetonitrile (200 
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mL), lithium nitrate (6.25 g, 0.090 mol), and trifluoroacetic anhydride (7.00 mL, 
0.050 mol). The resulting solution was stirred for 30 min at room temperature and 
was then cooled to 0-5oC. Sodium carbonate (5.30 g, 0.050 mol) was added and 
the mixture was stirred for an additional 30 min. 4-Methyl-3-penten-2-one (5 mL, 
0.050 mol) was added and the resulting reaction mixture was stirred for an 
additional 12 hr. The reaction mixture was then poured into water (50 mL). The 
crude organic product was extracted with dichloromethane (three 50 mL portions) 
and the combined organic layers were dried over anhydrous magnesium sulfate. 
The dried solution was concentrated under reduced pressure to give 4.264 g of 
the crude product. The crude product was first dissolved in warm chloroform and 
a volume three times greater of warm toluene was added. On cooling, 
analytically pure crystalline 68 (3.785 g, 43% yield) was obtained. 
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N-(2-methyl-3-nitro-4-oxo-2-pentyl)acetamide (68): yellow crystalline solid; 
mp: 80-82oC; IR (neat): 3270 (N-H), 1639 cm-1 (amide I), 1554, 1368 cm-1 (NO2), 
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1722 cm-1 (C=O); 1H NMR: δ 6.30 (s, 1H, H6), 5.78 (bs, 1H, N-H), 2.33 (s, 3H, 
H5), 1.95 (s, 3H, H7), 1.59 (s, 3H, H1), 1.53 (s, 3H, H8); 13C NMR: δ 195.8 (C4), 
170.6 (C6), 94.6 (C3), 55.2 (C2), 29.4 (C5), 24.6 (C1), 24.1 (C8), 24.0 (C7); HMQC 
spectra show correlation of H3 to C3 (95 ppm), H5 to C5 (29 ppm), H1 to C1 (25 
ppm), H8 to C8 (24.1 ppm), and H7 to C7 (23.9 ppm). HRMS (CI-CH4): Anal. Calcd 
for [C8H14N2O3 + H]+:  m/z 203.1032.  Found:  m/z 203.1031. Anal. Calcd for 
C8H14N2O3: C, 47.52; H, 6.98; N, 13.85. Found: C, 47.38; H, 7.11; N, 13.57.  
 
Preparation of β-nitroacetamide 67 from 4-methyl-3-penten-2-one: A flask 
under positive nitrogen pressure was charged with anhydrous acetonitrile (40 
mL), lithium nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 mL, 
0.020 mol). The resulting solution was stirred for 30 min at room temperature and 
was then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and 
the mixture was stirred for an additional 30 min. 4-Methyl-3-penten-2-one (1.0 
mL, 0.010 mol) was added and the resulting reaction mixture was stirred for an 
additional 12 hr. The reaction mixture was then poured into water (50 mL). The 
crude organic product was extracted with dichloromethane (three 50 mL portions) 
and the combined organic layers were dried over anhydrous magnesium sulfate. 
The dried solution was concentrated under reduced pressure to give 0.9479 g of 
the crude product. The crude product was first dissolved in warm chloroform and 
a volume three times greater of warm toluene was added. On cooling, 
analytically pure crystalline 67 (0.8416 g, 60% yield) was obtained. 
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N-(2-methyl-1-nitro-2-propyl)acetamide (67): white crystalline solid; mp: 88-
89oC; IR (neat): 3325 (N-H), 1658  cm-1 (amide I), 1537, 1370 cm-1 (NO2); 1H 
NMR: δ 5.73 (bs, 1H, N-H), 4.84 (s, 2H, H1), 1.98 (s, 3H, H5), 1.45 (s, 6H, H3,6); 
13C NMR: δ 170.6 (42), 80.3 (C1), 52.7 (C2), 25.5 (C3,6), 24.0 (C5); HMQC spectra 
show a correlation between H1 to C1 (80 ppm), H3,6 to C3,6 (25 ppm), and H5 to C5 
(24). HRMS (CI-CH4): Anal. Calcd for [C6H12N2O3 + H]+:  m/z 161.0926.  Found:  
m/z 161.0928. Anal. Calcd for C6H12N2O3: C, 44.99; H, 7.55; N, 17.49. Found: C, 
44.71; H, 7.33; N, 17.72.  
 
Alternative preparation of β-nitroacetamide 67 from β-nitroacetamide 68: A 
flask under positive nitrogen pressure was charged with anhydrous acetonitrile 
and sodium carbonate (2.12 g, 0.020 mol).  The reaction mixture was then 
cooled to 0-5oC, 68 (0.5 g, 0.003 mol) was added and the resulting mixture was 
stirred for an additional 12 hr. The reaction mixture was then poured into water 
(50 mL). The crude organic product was extracted with dichloromethane (three 
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50 mL portions), and the combined organic layers were dried over anhydrous 
magnesium sulfate. The dried solution was concentrated under reduced pressure 
to give 0.3465 g of the crude product. The crude product was first dissolved in 
warm chloroform and a volume three times greater of warm toluene was added. 
On cooling, analytically pure crystalline 67 (0.2984 g, 75% yield) was obtained. 
 
Preparation of dinitroamide 69 from 3-methyl-1,3-pentadiene: A flask under 
positive nitrogen pressure was charged with anhydrous acetonitrile (40 mL), 
lithium nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 mL, 0.020 
mol). The resulting solution was stirred for 30 min at room temperature and was 
then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and the 
mixture was stirred for an additional 30 min. 3-Methyl-1,3-pentadiene (1.0 mL, 
0.010 mol) was added and the resulting reaction mixture was stirred for an 
additional 12 hr. The reaction mixture was then poured into water (50 mL). The 
crude organic product was extracted with dichloromethane (three 50 mL portions) 
and the combined organic layers were dried over anhydrous magnesium sulfate. 
The dried solution was concentrated under reduced pressure to give 1.2346 g of 
the crude product. The product was purified via flash column chromatography on 
silica gel (ethyl acetate:=/hexanes, 30:70) affording 0.8416 g (60% yield) of pure 
69. 
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N-(3-methyl-4-nitro-1-pent-2-enyl)-N-nitroacetamide (69): yellow oil; Rf: 0.35 
(EtOAc/hexanes, 30/70); IR (neat): 1715 cm-1 (C=O), 3006 (SP2 CH), 1634 cm-1 
(C=C), 1545, 1360 cm-1 (NO2), 1567, 1278 cm-1 (N-NO2); 1H NMR: δ 5.62 (td, 
1H, J = 6.82, 0.9 Hz, H2), 4.99 (q, 1H, J = 6.81 Hz, H4), 4.78 (m, 2H, H1), 2.66 (s, 
3H, H7), 1.84 (s, 3H, H8), 1.64 (d, 3H, J = 6.8 Hz, H5); 13C NMR: δ 168.9 (C6), 
136.4 (C3), 124.1 (C2), 88.5 (C4), 43.9 (C1), 26.4 (C7), 16.9 (C5), 12.4 (C8); COSY 
spectra show a correlation of H1 to H2 and H4 to H5. HMQC spectra show a 
correlation of H2 to C2 (124 ppm), H4 to C4 (88 ppm), H1 to C1 (44 ppm), H7 to C7 
(17 ppm), H8 to C8 (12 ppm), H5 to C5 (12 ppm).  
 
Preparation of N-methyl-N-nitroacetamide (72) from N-methylacetamide: A 
flask under positive nitrogen pressure was charged with anhydrous acetonitrile 
(40 mL), lithium nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 
mL, 0.020 mol). The resulting solution was stirred for 30 min at room temperature 
and was then cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added 
and the mixture was stirred for an additional 30 min. N-methylacetamide (1.0 g, 
0.014 mol) was added and the resulting reaction mixture was stirred for an 
additional 12 hr. The reaction mixture was then poured into water (50 mL). The 
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crude organic product was extracted with dichloromethane (three 50 mL portions) 
and the combined organic layers were dried over anhydrous magnesium sulfate. 
The dried solution was concentrated under reduced pressure to give 1.361 g of 
the crude product. The product was purified via Kugelrohr distillation to give 
1.066 g (66% yield) of pure 72. 
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N-methyl-N-nitroacetamide (72): colorless oil; bp: 40-50oC  (15 mmHg); IR: 
(neat) 1712 cm-1 (C=O), 1562, 1224 cm-1 (N-NO2); 1H NMR: δ 3.59 (s, 3H, H3), 
2.66 (s, 3H, H2); 13C NMR: δ 169.4 (C1), 33.4 (C3), 26.4 (C2); HMQC spectra 
show correlation of H3 to C3 (33 ppm) and H2 to C2 (26 ppm); HRMS (CI-CH4): 
Anal. Calcd for [C3H6N2O3 + H]+:  m/z. 117.0664 Found:  m/z. 117.0659. 
 
Preparation of o-nitroacetanilide (74) and p-nitroacetanilide (75) from 
acetanilide: A flask under positive nitrogen pressure was charged with 
anhydrous acetonitrile (40 mL), lithium nitrate (2.50 g, 0.036 mol), and 
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trifluoroacetic anhydride (2.80 mL, 0.020 mol). The resulting solution was stirred 
for 30 min at room temperature and was then cooled to 0-5oC. Sodium carbonate 
(2.12 g, 0.020 mol) was added and the mixture was stirred for an additional 30 
min. Acetanilide (1.0 g, 0.014 mol) was added and the resulting reaction mixture 
was stirred for an additional 12 hr. The reaction mixture was then poured into 
water (50 mL). The crude organic product was extracted with dichloromethane 
(three 50 mL portions) and the combined organic layers were dried over 
anhydrous magnesium sulfate. The dried solution was concentrated under 
reduced pressure to give 1.210 g of 74 and 75 in a 3.6:1 ratio (by 1H NMR) 
respectively. The isomers were separated via flash column chromatography on 
silica gel with ethyl acetate/hexanes, 50:50 eluent. o-Nitroacetanilide eluted first 
and p-nitroacetanilide second. 
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o-nitroacetanilide (74): yellow crystalline solid; Rf: 0.82 (EtOAc/hexanes, 
50/50); mp: 93-95oC; IR: (neat) 3369 (N-H), 1695 cm-1 (amide I), 1581, 1267 cm-1 
(NO2); 1H NMR: (DMSO) δ 10.27 (s, 1H, N-H), 7.92 (dd, 1H, J = 8.3, 1.5 Hz, H3), 
7.68 (td, 1H, J = 7.8, 1.0 Hz, H6), 7.61 (dd, 1H, J = 8.3, 1.0 H4), 7.35 (m, 1H, J = 
8.3, 1.0 Hz, H5), 2.06 (s, 3H, H8); 13C NMR: (DMSO) δ 169.2 (C7), 136.5 (C2), 
135.8 (C5), 134.8 (C1), 125.1 (C3), 122.9 (C4), 122.3 (C6), 26.2 (C8); HRMS (CI-
CH4): Anal. Calcd for [C8H8N2O3 + H]+:  m/z. 181.0613 Found:  m/z. 181.0609. 
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p-nitroacetanilide (75): white crystalline solid; Rf: 0.31 (EtOAc/hexanes, 50/50); 
mp: 215-216oC; IR: (neat) 3300 (N-H), 1677 cm-1 (amide I), 1563, 1264 cm-1 
(NO2); 1H NMR: (DMSO) δ 10.55 (s, 1H, N-H), 8.21 (d, 2H, J = 8.8 Hz, H3,5), 7.82 
(d, 2H, J = 8.8 Hz, H2,6), 2.12 (s, 3H, H8); 13C NMR: (DMSO) δ 169.8 (C7), 145.9 
(C1), 142.5 (C4), 125.6 (C3,5), 119.1 (C2,6), 24.8 (C8); HRMS (CI-CH4): Anal. Calcd 
for [C8H8N2O3 + H]+:  m/z. 181.0613 Found:  m/z. 181.0607. 
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Preparation of N-nitroamine 73 from pyrrolidine: A flask under positive 
nitrogen pressure was charged with anhydrous acetonitrile (40 mL), lithium 
nitrate (2.50 g, 0.036 mol), and trifluoroacetic anhydride (2.80 mL, 0.020 mol). 
The resulting solution was stirred for 30 min at room temperature and was then 
cooled to 0-5oC. Sodium carbonate (2.12 g, 0.020 mol) was added and the 
mixture was stirred for an additional 30 min. Pyrrolidine (1.0 g, 0.014 mol) was 
added and the resulting reaction mixture was stirred for an additional 12 hr. The 
reaction mixture was then poured into water (50 mL). The crude organic product 
was extracted with dichloromethane (three 50 mL portions) and the combined 
organic layers were dried over anhydrous magnesium sulfate. The dried solution 
was concentrated under reduced pressure to give 1.1324 g of the crude product. 
The crude product was purified via flash column chromatography on silica gel 
with ethyl acetate/hexanes, 50:50 eluent to afford 0.8496 g (52% yield) of pure 
73. 
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N-nitropyrrolidine (73): white crystalline solid; Rf: 0.91 (EtOAc/hexanes, 50/50); 
mp: 57-58oC; IR: (neat) 1498, 1285 cm-1 (N-NO2); 1H NMR: δ 3.87 (m, 4H, H1), 
2.05 (m, 4H, H2); 13C NMR: δ 49.9 (C1), 24.1 (C2); HRMS (CI-CH4): Anal. Calcd 
for [C4H8N2O2 + H]+:  m/z. 117.0664 Found:  m/z. 117.0660. 
 
Preparation of oxazolinium salt 76 from trifluoroacetate 57: A vial containing 
57 (50 mg, 0.266 mmol) was heated to 130oC for 10 min. The vial was cooled to 
room temperature and 76 was obtained as a 92:8 mixture of 76 to 57 respectively 
(by 1H NMR). 
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2,4,4,5,5-pentamethyl-2-oxazolinyl trifluoroacetate (76): white amorphous 
solid; IR (neat) 2000-3500 (NH4+), 1671 cm-1 (C=N), 1133 cm-1 (C-O), 1778, 
1383, 1198 cm-1 (CF3CO2); 1H NMR: δ 2.40 (s, 3H, H1), 1.50 (s, 6H, H6,8), 1.45 
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(s, 6H, H3,7). 13C NMR: δ 173.1 (C2), 162.1 (J = 35.7 Hz) (C9), 116 (J = 291.2 Hz) 
(C10), 96.8 (C4), 66.6 (C5), 22.8 (C3,7), 22.6 (C6,8), 13.8 (C1). HMQC spectra show 
coupling between H1 to C1 (13.8 ppm), H6,8 to C6,8 (22.6 ppm), and H3,7 to C3,7 
(22.8 ppm). HMBC spectra gave cross peaks attributed to a 2J coupling of H1 to 
C2, H3,5 to C4, and H6,8 to C5. HRMS (CI-CH4): Anal. Calcd for [C8H15NO ]+ (M-
CF3CO2-): m/z 142.1232.  Found:  m/z 142.1234. 
 
Preparation of oxazoline 77 from oxazolinium salt 76: A solution of 2,4,4,5,5-
pentamethyl-2-oxazolinyl trifluoroacetate (50 mg, 0.266 mmol) in 
dichloromethane (10 mL) was washed with saturated aqueous sodium 
bicarbonate (three 5 mL portions) and dried over anhydrous magnesium sulfate. 
The dried solution was concentrated under reduced pressure affording 77. 
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2,4,4,5,5-pentamethyl-2-oxazoline (77): colorless oil; bp: 146-149oC; IR (neat) 
1668 cm-1 (C=N), 1198 cm-1; 1H NMR: δ 1.90 (s, 3H, H1), 1.28 (s, 6H, H6,8), 1.15 
(s, 6H, H3,7). 13C NMR: δ 162.2 (C2), 87.9 (C4), 69.0 (C5), 24.3 (C3,7), 23.0 (C6,8), 
14.7 (C1). HMQC spectra show correlation between H1 to C1 (13.8 ppm), H6,8 to 
C6,8 (24.3 ppm), and H3,7 to C3,5 (243.0 ppm). HMBC spectra gave cross peaks 
attributed to 2J coupling of H1 to C2, H3,7 to C4, and H6,8 to C5. HRMS (CI-CH4): 
Anal. Calcd for [C8H15NO + H]+:  m/z 142.1232.  Found:  m/z 142.1234. 
 
Alternative preparation of oxazoline 77 from dioxolane 79: A flask was 
charged with acetonitrile (50 mL), concentrated sulfuric acid (10 mL, 0.102 mol), 
and 4,4,5,5-tetramethyldioxolane (4.0 g, 0.031 mol). The resulting solution was 
refluxed for 4 hr. Sufficient solid sodium hydroxide was added to bring the pH to 
9-10. The neutralized mixture was extracted with dichloromethane (five 25 mL 
portions) and the combined organic layers were dried over anhydrous 
magnesium sulfate. The dried solution was concentrated under reduced pressure 
to give 2.0124 g of the crude product. The product was distilled and the fraction 
collected at 146-149oC afforded 1.8641 g (42% yield) of pure 77. 
 
Preparation of dioxolane 79 from 2,3-dimethyl-2,3-butanediol: A flask was 
charged with dichloromethane (35 mL), 2,3-dimethyl-2,3-butadiol (2.95 g, 0.025 
mol), paraformaldehyde (0.8 g), and p-toluenesulfonic acid (0.2 g, 1 mmol). The 
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resulting mixture was refluxed for 3 hr and was then distilled. The fraction boiling 
at 124-126oC  (3.272 g, 90% yield) was collected as pure 79. 
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4,4,5,5-tetramethyldioxolane (79): colorless oil; bp: 124-126oC; IR (neat) 1157 
(C-O) cm-1; 1H NMR: δ 4.99 (s, 2H, H1), 1.20 (s, 12H, H2,3,6,7) 13C NMR: δ 91.4 
(C1), 81.1 (C4,5), 22.2 (C2,3,6,7). HMQC spectra showed correlation of H1 and C1, 
(91.4 ppm) and H2,3,6,7 and C2,3,6,7 (22.2 ppm). HRMS (CI-CH4): Anal. Calcd for 
[C7H14O2 + H]+:  m/z 129.0916.  Found:  m/z 129.0915 
 
Preparation of Michael adduct 80 from β-nitroacetamide 51: A flask was 
charged with THF (1 mL), methyl acrylate (0.11 mL, 1.1 mmol), and 51 (0.2 g, 1.0 
mmol). DBU (0.17 mL, 1.1 mmol) was added and the solution was stirred for 18 
hr. Dichloromethane (20 mL) was added and the solution was washed with 1.2 M 
hydrochloric acid (one 10 mL portion). The organic layer was dried over 
anhydrous magnesium sulfate. The dried solution was concentrated under 
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reduced pressure to give 0.2123 g of the crude product. The crude product was 
first dissolved in warm chloroform and a volume three times greater of warm 
toluene was added. On cooling, analytically pure crystalline 80 (0.1523 g, 51% 
yield) was obtained. 
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methyl 5-acetylamido-4-nitro-4,5-dimethyl hexanoate (80): white crystalline 
solid; mp: 96-98oC; IR (neat) 3356 (N-H) and 1662 cm-1 (amide I), 1547 and 1372 
cm-1 (NO2), 1731 cm-1 (C=O); 1H NMR: δ 5.94 (bs, 1H, N-H), 3.69 (s, 3H, H11), 
2.74 (m, 1H, H3), 2.34 (m, 1H, H3’), 2.18 (m, 2H, H2), 1.98 (s, 3H, H8), 1.58 (s, 
3H, H9), 1.57 (s, 3H, H6), 1.45 (s, 3H, H10); 13C NMR: δ 171.6 (C1), 170.1 (C7), 
97.8 (C4), 59.3 (C5), 52.0 (C11), 29.3 (C2), 29.1 (C3), 25.0 (C8), 23.2 (C9), 22.7 
(C6), 18.3 (C10). COSY spectra show a correlation between H2 to H3. HMQC 
spectra showed correlation of H11 and C11 (52 ppm), H2 and C2 (29.3 ppm), H3 
and C3 (29.1 ppm), H8 and C8 (25.0 ppm), H9 to C9 (23.2 ppm), H6 and C6 (22.7 
ppm), and H10 to C10 (18.3 ppm). HRMS (CI-CH4): Anal. Calcd for [C11H20N2O5 + 
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H]+:  m/z 261.1450.  Found:  m/z 261.1453. Anal. Calcd for C11H20N2O5: C, 
50.76; H, 7.74; N, 10.66. Found: C, 50.86; H, 7.64; N, 10.92.  
 
Preparation of Michael adduct 81 from β-nitroacetamide 51: A flask was 
charged with THF (1 mL), acrylonitrile (0.075 mL, 1.1 mmol), and 51 (0.2 g, 1.0 
mmol). DBU (0.172 mL, 1.1 mmol) was added and the resulting solution was 
stirred for 18 hr. Dichloromethane (20 mL) was added and the solution was 
washed with 1.2 M hydrochloric acid (one 10 mL portion). The organic layer was 
dried over anhydrous magnesium sulfate. The dried solution was concentrated 
under reduced pressure to give 0.1781 g of the crude product. The crude product 
was recrystallized from 200 proof ethanol affording 0.1245 g (48% yield) of pure 
81. 
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N-(5-cyano-2,3-dimethyl-3-nitro-2-pentyl)acetamide (81): white crystalline 
solid; mp: 126-128oC; IR (neat) 3358 (N-H), 1682 cm-1 (amide I), 1531 and 1344 
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cm-1 (NO2), 2261 cm-1 (CN); 1H NMR: δ 5.71 (bs, 1H, N-H), 2.85 (m, 1H, H4), 
2.25-2.4 (m, 3H, H4’, H5), 2.00 (s, 3H, H7), 1.63 (s, 3H, H1), 1.55 (s, 3H, H8), 1.41 
(s, 3H, H9); 13C NMR: δ 170.0 (C6), 118.2 (C10), 97.5 (C3), 59.2 (C2), 30.5 (C4), 
24.9 (C7), 24.0 (C1), 23.5 (C9), 18.3 (C8), 12.9 (C5). COSY spectra show a 
correlation between H4 and H5. HMQC spectra showed correlation of H4 and C4 
(30 ppm), H5 and C5 (13 ppm), H7 and C7 (25 ppm), H8 and C8 (18 ppm), H1 and 
C1 (24 ppm), H9 and C9 (23.5 ppm). HRMS (CI-CH4): Anal. Calcd for [C10H17N3O3 
+ H]+:  m/z 228.1348.  Found:  m/z 228.1350. Anal. Calcd for C10H17N3O3: C, 
52.85; H, 7.54; N, 18.49; Found: C, 52.59; H, 7.60; N, 18.71. 
 
Bromination of β-nitroacetamide 51: A nitrogen-flushed flask was charged with 
51 (0.352 g, 2.2 mmol) and placed in an ice bath (0-5°C).  A cold (0-5°C) 1.2 M 
sodium methoxide solution (6.1 mmol) in methanol (5 mL) was added rapidly with 
stirring.  The cold solution was stirred for 20 min in an ice bath at 0-5°C and then 
it was added dropwise over 5 min to a cold (0-5°C) 1.3 M solution of bromine (6.5 
mmol) in dichloromethane (5 mL).  The resulting colored solution was poured into 
a solution of sodium bisulfite (0.833 g, 8 mmol) in water (10 mL).  The resulting 
decolorized mixture was extracted using dichloromethane (three 10-mL portions).  
The combined organic layers were washed once with water (25 mL) and dried 
over anhydrous MgSO4.  The dried solution was concentrated at reduced 
pressure to give 0.624 g of the crude product. The crude product was first 
dissolved in warm chloroform and a volume three times greater of warm toluene 
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was added. On cooling, analytically pure crystalline 86 (0.485 g, 70% yield) was 
obtained. 
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N-(3-bromo-2-methyl-3-nitro-2-butyl)acetamide (86): white crystalline solid; 
mp: 94-96oC; IR (neat) 3300 (N-H), 1666 cm-1 (amide I), 1552 and 1368 cm-1 
(NO2); 1H NMR: δ 6.27 (bs, 1H, N-H), 2.33 (s, 3H, H4), 2.00 (s, 3H, H6), 1.70 (s, 
3H, H1), 1.61 (s, 3H, H7); 13C NMR: δ 169.5 (C5), 104.6 (C3), 60.7 (C2), 27.6 (C4), 
24.9 (C6), 23.6 (C1), 21.9 (C7). HMQC spectra show correlation between H4 and 
C4 (28 ppm), H6 and C6 (25 ppm), H1 and C1 and H7 and C7 and (24 ppm or 22 
ppm). HRMS (CI-CH4): Anal. Calcd for [C7H13N2O3Br + H]+:  m/z. 253.1798 
Found:  m/z. 253.0188. Anal. Calcd for C7H13N2O3Br: C, 33.22; H, 5.18; N, 11.07. 
Found: C, 33.28; H, 5.03; N, 11.15.  
 
Bromination of β-nitroacetamide 62: A nitrogen-flushed flask was charged with 
62 (0.300 g, 1.5 mmol, 59:41 62a:62b) and placed in an ice bath (0-5°C).  A cold 
(0-5°C) 1.2 M sodium methoxide solution (6.1 mmol) in methanol (5 mL) was 
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added rapidly with stirring.  The cold solution was stirred for 20 min in an ice bath 
(0-5°C) and then it was added dropwise over 5 min to a cold (0-5°C) 1.3 M 
solution of bromine (6.5 mmol) in dichloromethane (5 mL).  The resulting colored 
solution was poured into a solution of sodium bisulfite (0.833 g, 8 mmol) in water 
(10 mL).  The decolorized mixture was extracted using dichloromethane (three 
10-mL portions).  The combined organic layers were washed once with water (25 
mL) and dried over anhydrous MgSO4.  The dried solution was concentrated at 
reduced pressure to give 0.3124 g of crude product that appeared to be a single 
diastereomer (>97% by 1H NMR). The crude product was first dissolved in warm 
chloroform and a volume three times greater of warm toluene was added. On 
cooling, analytically pure crystalline 87 (0. 284 g, 68% yield) was obtained. 
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N-(2-bromo-1-methyl-2-nitrocyclohexyl)acetamide (87): white crystalline solid; 
mp: 86-87oC; IR: (neat) 3297 (N-H), 1663 cm-1 (amide I), 1545, 1267 cm-1 (NO2); 
1H NMR: δ 6.80 (bs, 1H, N-H), 3.02 (m, 1H, eqH6), 2.63 (ddd, 1H, J = 15.2, 13.1, 
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4.5 Hz, axH3), 2.42 (m, 1H, eqH3), 2.01 (s, 3H, H8), 1.57 (s, 3H, H9) on 1.6-1.95 
(m, 4H), 1.41 (m, 1H, axH); 13C NMR: δ 169.1 (C7), 104.7 (C2), 60.3 (C1), 35.7 
(C6), 33.6 (C3), 24.9 (C8), 23.2 (C5), 20.7 (C4), 18.0 (C9); COSY spectra show 
correlation of H5 to H4,6 and H4 to H3,5; HMQC spectra show correlation of H3 to 
C3 (34 ppm), H6 to C6 (36 ppm), H8 to C8 (25 ppm), H9 to C9 (18 ppm), H5 to C5 
(23 ppm), and H4 to C4 (21 ppm); NOE: H3 axial IRR: H3 equitorial (8.37% 
enhancement), H9 (1.23% enhancement), H5 axial (2.97% enhancement), H4 
equitorial (1.68% enhancement); HRMS (CI-CH4): Anal. Calcd for [C9H14N2O3Br79 
+ H]+:  m/z. 279.0344 Found:  m/z. 279.0339; Anal. Calcd for C9H14N2O3Br: C, 
38.73; H, 5.42; N, 10.04; Found: C, 38.79; H, 5.71; N, 9.81.  
 
Preparation of Michael adduct 84 from β-nitroacetamide 62: A flask is 
charged with THF (5 mL), methyl acrylate (0.55 mL, 5.5 mmol), and 62 (1.0 g, 5.0 
mmol, 59:41 62a/62b). DBU (0.86 mL, 5.5 mmol) was added, and the resulting 
solution was stirred for 18 hr. The solution was diluted with dichloromethane (20 
mL) and washed with 1.2 M hydrochloric acid (one 10 mL portion). The organic 
layer was dried over anhydrous magnesium sulfate. The dried solution was 
concentrated under reduced pressure to give 0.9984 g of the crude product. The 
crude product was first dissolved in warm chloroform and a volume three times 
greater of warm toluene was added. Analytically pure crystals were obtained 
when the resulting solution was cooled affording 0.8656 g (61% yield) of pure 84. 
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Methyl 3-[2-(acetylamino)-2-methyl-1-nitrocyclohexyl]propanoate (84): white 
crystalline solid: mp: 66-67oC; IR (neat) 3553 (N-H), 1661 cm-1 (amide I), 1533 
and 1306 cm-1 (NO2), 1730 cm-1 (C=O); 1H NMR (C6D6): δ 6.23 (bs, 1H, N-H), 
3.27 (s, 3H, H13), 2.92 (m, 1H, eqH3), 2.73 (m, 1H, H10’), 2.21 (m, 1H, H10), 1.87 
(m, 1H, H11’), 1.79 (m, 1H, axH6), 1.74 (m, 1H, H11), 1.65 (m, 1H, axH3), 1.48 (s, 
3H, H8), 1.44 (m, 1H, eqH6), 1.18 (s, 3H, H9), 1.07 (m, 2H, eqH5, eqH4), 0.85 (m, 
1H, axH4), 0.67 (m, 1H, axH5); 13C NMR: δ 172.3 (C12), 170.2 (C7), 96.7 (C1), 
59.7 (C2), 52.1 (C13), 32.7 (C11), 28.5 (C6), 27.1 (C5), 25.8 (C10), 25.2 (C8), 22.1 
(C4), 20.9 (C3), 20.0 (C9); COSY spectra show a correlation between H4,6 and H5, 
H3 and H4, and H10 and H11. HMQC spectra show a coupling of H13 and C13 (52 
ppm), H11 and C11 (33 ppm), H10 and C10 (26 ppm), H8 and C8 (25 ppm), H9 and 
C9 (20 ppm), H6 and C6 (28 ppm), H5 and C5 (27 ppm), H4 and C4 (22 ppm), and 
H3 and C3 (21 ppm); NOE: H4 axial IRR: H3 equitorial (2.45% enhanced), H6 axial 
(1.78% enhanced), H9 (4.23% enhanced), H4 equitorial and H5 equitorial (9.65% 
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enhanced); HRMS (CI-CH4): Anal. Calcd for [C13H22N2O5 + H]+:  m/z. 287.1607 
Found:  m/z. 287.1596. Anal. Calcd for C13H22N2O5: C, 54.53; H, 6.32; N, 5.49. 
Found: C, 54.48; H, 7.99; N, 9.55.  
 
Hydrolysis of Michael adduct 84 to give carboxylic acid 85: A solution of 84 
(0.20 g, 0.70 mmol) in 2 M HCl (5 mL) was refluxed for 1 hr. The mixture was 
allowed to cool to room temperature and neutralized with 10% ammonia. The 
crude product was extracted using dichloromethane (three 15-mL portions).  The 
combined organic layers were washed once with water (25 mL) and dried over 
anhydrous MgSO4. The dried solution was concentrated under reduced pressure 
to give 0.1663 g of the crude product. The crude product was first dissolved in 
warm chloroform and a volume three times greater of warm toluene was added. 
Analytically pure crystals were obtained when the resulting solution was cooled 
affording 0.1052 g (55% yield) of pure 85. 
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3-[2-(acetylamino)-2-methyl-1-nitrocyclohexyl]propanoic acid (85): white 
crystalline solid; mp: 176-178oC; IR: (neat) 3376 (N-H), 1632 cm-1 (amide I), 
1543, 1371 cm-1 (NO2), 2200-3600 (OH), 1726 cm-1 (C=O). 1H NMR: (DMSO) δ 
12.31 (bs, 1H, OH), 7.27 (bs, 1H, N-H), 2.70 (m, 1H, axH3), 2.29 (m, 2H, H11), 
2.21 (m, 2H, H10), 1.84 (s, 3H, H8), 1.41 (s, 3H, H9), 1.2-1.9 (m, 7H, axH3, H4,5,6); 
13C NMR: (DMSO) δ 173.3 (C12), 169.4 (C7), 97.6 (C1), 59.5 (C2), 35.4 (C6), 29.1 
(C10), 27.9 (C11), 26.0 (C5), 24.7 (C8), 22.1 (C3), 21.2 (C9), 20.8 (C4); COSY 
correlation spectra show a correlation between H11’ and H11 and H10, H11 and H10, 
H5 and H4 and H6, and H4 and H3 and H5. HMQC correlation spectra show a 
coupling of H11’ and H11 and C11 (28 ppm), H10 and C10 (29 ppm), H8 and C8 (25 
ppm), H9 and C9 (21.2 ppm), H6 and C6 (35 ppm), H4 and C4 (20.8 ppm), H3 and 
C3 (22 ppm), and H5 and C5 (26 ppm). HRMS (CI-CH4): Anal. Calcd for 
[C12H20N2O5 + H]+:  m/z. 273.1450 Found:  m/z. 273.1451. Anal. Calcd for 
C12H20N2O5: C, 52.93; H, 7.40; N, 10.29. Found: C, 53.21; H, 7.09; N, 9.96.  
 
Preparation of ketone 88 from β-nitroacetamide 51: To a stirring mixture of 
51, (0.400 g, 0.0022 mol) in water (20 mL) was added DBU, (0.75 mL, 0.005 
mol). Upon complete dissolution of the nitroacetamide, potassium permanganate 
(2.50 g, 0.158 mol) was added and the mixture was stirred for 24 hr. Saturated 
sodium sulfite solution (20 mL) was added followed by sufficient 2 M HCl solution 
to cause the solution to turn clear. The crude product was extracted using 
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dichloromethane (three 25-mL portions).  The combined organic layers were 
washed once with water (25 mL) and dried over anhydrous MgSO4.  The dried 
solution was concentrated at reduced pressure to give 0.2414 g of the crude 
product. The crude product was first dissolved in warm chloroform and a volume 
three times greater of warm toluene was added. Analytically pure crystals were 
obtained when the resulting solution was cooled affording 0.2074 g (63% yield) of 
pure 88. 
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N-(2-methyl-3-oxo-2-butyl)acetamide (88):  white crystalline solid; mp: 110-
111oC; IR: (neat) 3281 (N-H), 1640 cm-1 (amide I), 1714 cm-1 (C=O); 1H NMR; δ 
6.33 (bs, 1H, N-H), 2.19 (s, 3H, H4), 1.99 (s, 3H, H6), 1.51 (s, 6H, H1,7); 13C NMR: 
δ 208.6 (C3), 169.4 (C5), 61.2 (C2), 23.8 (C6), 23.5 (C1,7), 23.4 (C4); HMQC 
spectra show a correlation between H4 and C4 (23.4 ppm), H6 and C6 (23.8 ppm), 
and H1,7 and C1,7 (23.5 ppm). HRMS (CI-CH4): Anal. Calcd for [C7H13NO2 + H]+:  
m/z. 144.1025 Found:  m/z. 144.1027. Anal. Calcd for C7H13NO2: C, 58.72; H, 
9.15; N, 9.78. Found: C, 58.93; H, 9.02; N, 9.53.  
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Preparation of carboxylic acid 90 from β-nitroacetamide 67: Solutions of 
aqueous potassium hydroxide (0.5 M, 5 mL) and aqueous dibasic potassium 
phosphate (1.25 M, 5 mL) were added sequentially to a stirred solution of 67 
(0.500 g, 0.003 mol) in tert-butyl alcohol (10 mL). The resulting mixture was 
stirred for 15 min. Aqueous potassium permanganate (0.5M, 17.25 mL, 0.009 
mol) was added and the resulting solution was stirred for 1 hr. Saturated 
aqueous sodium sulfite (15 mL) was added and the reaction solution was 
acidified to pH ~ 3 with hydrochloric acid (2 M). The resulting clear solution was 
extracted with ethyl acetate, (five 100-mL portions), and the combined organic 
layers were dried over anhydrous MgSO4. The dried solution was concentrated 
under reduced pressure to give 0.3842 g (85% yield) of pure 90.  
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2-(acetylamino)-2-methylpropanoic acid (90): white crystalline solid; mp: 195-
196 oC; IR: (neat) 3342 (N-H), 1608 cm-1 (amide I), 2200-3600 (OH), 1699 cm-1 
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(C=O); 1H NMR: (DMSO) δ 12.1 (bs, 1H, OH), 8.00 (bs, 1H, N-H), 1.78 (s, 3H, 
H5), 1.31 (s, 6H, H2 and H6); 13C NMR: (DMSO) δ 176.1 (C1), 169.1 (C4), 55.1 
(C2), 25.4 (C3 and C6), 23.0 (C5); HMQC correlation spectra show coupling of H3 
and H6 to C3 and C6 (25 ppm) and H5 to C5 (23 ppm). HRMS (CI-CH4): Anal. 
Calcd for [C6H11NO3 + H]+:  m/z. 146.0817 Found:  m/z. 146.0824. Anal. Calcd for 
C6H11NO3: C, 49.65; H, 7.64; N, 9.65. Found: C, 49.74; H, 7.43; N, 9.42.  
 
Preparation of β-aminoacetamide 91 from β-nitroacetamide 51: A flask is 
charged with anhydrous methanol (30 mL) and nickel (II) chloride (0.368 g, 1.55 
mmol). The flask contents were sonicated until complete dissolution of the nickel 
chloride. Sodium borohydride (0.176 g, 4.65 mmol) was added portionwise 
(CAUTION, add slowly to avoid frothing) and stirred for 30 min. 51 (0.50 g, 2.8 
mmol) was added followed by portionwise addition sodium borohydride (0.410 g, 
10.9 mmol) and stirred for an additional 2 hr. The mixture was then filtered 
through Celite and concentrated under reduced pressure. The residue was taken 
up in dichloromethane (30 mL) and the solution was filtered to remove any solid 
biproducts and dried over anhydrous magnesium sulfate. The dried solution was 
concentrated at reduced pressure to give a yellow oil. The oil was dissolved in 
anhydrous methanol (2 mL), followed by the addition of 0.5 M hydrochloric acid in 
isopropanol (2 mL), and diethyl ether (25 mL). The resulting mixture was filtered 
to give 0.216 g (52% yield) of 91 as a solid. 
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3-(acetylamino)-3-methyl-2-butylammonium chloride (91): white crystalline 
solid; mp: 247-248oC; IR: (neat) 3265 (N-H), 1641 cm-1 (amide I), 2200-3300 cm-
1 (-NH3+); 1H NMR: (DMSO) δ 8.11 (d, 3H, J = 9.2 Hz, NH3+), 8.03 (bs, 1H, N-H), 
3.98 (m, 1H, H2), 1.87 (s, 3H, H6), 1.22 (s, 3H, H4), 1.19 (s, 3H, H7), 1.05 (d, 3H, 
J = 7.30 Hz, H1); 13C NMR: (DMSO) δ 170.0 (C5), 57.4 (C3), 50.2 (C2), 23.5 (C4), 
23.2 (C5), 21.8 (C1), 15.7 (C6); COSY spectra show correlation of H2 to both H1 
and the ammonium protons; HRMS (CI-CH4): Anal. Calcd for [C7H16N2O + H]+:  
m/z. 145.1341 Found:  m/z. 145.1338; Anal. Calcd for C7H17N2OCl: C, 46.53; H, 
9.48; N, 15.50; Found: C, 46.87; H, 9.22; N, 15.43. 
 
Preparation of β,β’-diaminoacetamide 92 from β,β’-dinitroacetamide 61: A 
flask was charged with anhydrous methanol (30 mL) and nickel (II) chloride 
(0.368 g, 1.55 mmol). The flask contents were sonicated until complete 
dissolution of the nickel chloride. Sodium borohydride (0.176 g, 4.65 mmol) was 
added portionwise (CAUTION, add slowly to avoid frothing) and stirred for 30 
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min. 61 (0.150 g, 0.61 mmol) was added followed by portionwise addition of 
sodium borohydride (0.410 g, 10.9 mmol) and stirred for an additional 2 hr. The 
mixture was filtered through Celite, and concentrated under reduced pressure. 
The residue was taken up in dichloromethane (30 mL) and the solution was 
filtered to remove any solid byproducts and dried over anhydrous magnesium 
sulfate. The dried solution was concentrated at reduced pressure to give 0.080 g 
(71% yield, 97% pure) of 92 as a solid. 
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N-[(1r,2R,6S)-2,6-diamino-1-methylcyclohexyl]acetamide (92): yellow oil; IR: 
(neat) 3100-3500 (amide and amine N-H), 1645 cm-1 (amide I); 1H NMR: δ 5.51 
(bs, 1H, N-H), 3.51 (dd, 2H, J = 12.2, 3.91 Hz, H2,6), 1.95 (s, 3H, H8), 1.64 (m, 
2H, H4), 1.18-1.43 (m, 8H, H3,5, NH2), 1.03 (s, 3H, H9); 13C NMR: δ 170.1 (C7), 
64.0 (C1), 52.8 (C2,6), 32.4 (C4), 24.9 (C8), 23.2 (C3,5), 11.3 (C1); COSY spectra 
show correlation of H3,5 and H2,4,6; HMQC spectra show correlation of H2,6 and 
C2,6 (53 ppm), H4 and C4 (32 ppm), H8 and C8 (25 ppm), H3,5 and C3,5 (23 ppm), 
H9 and C9 (11 ppm); HRMS (CI-CH4): Anal. Calcd for [C9H19N3O + H]+:  m/z. 
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186.1606 Found:  m/z. 186.1605; Anal. Calcd for C9H21N3OCl2 (di-HCl salt): C, 
41.87; H, 8.20; N, 16.27; Found: C, 41.51; H, 8.33; N, 16.50. 
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2.5 Conclusions 
 Many useful nitration reactions have been observed for the reagent 
combination of lithium nitrate and trifluoroacetic anhydride in acetonitrile solution 
kept in contact with sodium carbonate. First and foremost are nitrations to give β-
nitroacetamides from 1,1-disubstituted alkenes. Several β-nitroacetamides were 
prepared in yields ranging from 52-75%. A variation in product formation was 
observed in nitration of 1-methylcyclohexene. Here nitration afforded β, β’-
dinitroacetamide 61 when excess reagents were employed. Nitration of 4-methyl-
3-penten-2-one gave β-nitroacetamide 68 that retained the ketone acetyl group 
under one set of conditions and β-nitroacetamide 67 that had lost the ketone 
acetyl group under a different set of conditions. 3-Methyl-1,3-pentadiene gave 
1,4-addition and further nitration of the initial β-nitroacetamide to give the N-
nitroacetamide. The method could also be applied to nitration of various amines 
to give N-nitroamines. Although not investigated, it seems clear the nitration 
reagent combination employed in these studies could be applied to the synthesis 
of military explosives including RDX and HMX. Nitration of 2,3-dimethyl-2-butene 
at elevated temperature gave a β-acetamidotrifluoroacetyl ester as a side 
product, illustrating the importance of carrying out nitrations at low temperature. 
The β-acetamidotrifluoroacetyl ester underwent cyclization to form oxazolinium 
salt 76, which in turn led to oxazoline 77 on treatment with base. 
 Several reactions of β-nitroacetamides have been observed. Secondary β-
nitroacetamides form Michael adducts with methyl acrylate and acrylonitrile in 48-
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61% yield. In the case of β-nitroacetamide 62, the Michael adduct 84 obtained 
from methyl acrylate was obtained as a single diastereomer. This is attributed to 
favorable internal H-bonding between the acetamide NH proton as the donor and 
a nitronate O-atom as the acceptor (Scheme 2.23). Further exploration of this 
phenomenon would seem warranted. β-Nitroacetamides show promise for 
general application to diastereoselective Michael addition reactions. 
Secondary β-nitroacetamides 51 and 62 undergo bromination. The 
bromonitro compounds obtained as products can also be readily debrominated 
using sodium iodide and acetic acid in 70-87% yield. β-Nitroacetamides undergo 
Nef-related reactions. Primary β-nitroacetamide 67 was converted to N-acetyl-β-
amino acid 90 in 85% yield utilizing potassium permanganate. Perhaps most 
significantly, β-nitroacetamides undergo reduction to give β-aminoacetamides. 
The reduction products 91 and 92, obtained in 62% and 71% yield, respectively, 
contain adjacent non-oxygenated N-atoms clearly differentiated from each other. 
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Chapter 3: Debromination of 2,4-Dibromo-2,4-dinitropentane 
 
3.1 Introduction 
 
α,γ-Dinitro compounds are of interest to chemists because they are 
energy-rich  chemicals with potential military applications. They are also useful 
compounds as synthetic intermediates because the nitro groups can be 
converted to a wide variety of other functional groups.   
α,γ-Dinitro compounds can be readily prepared from two mono-nitro 
compounds serving as the components for a Michael reaction. One nitro 
compound is either a nitroalkene, or serves as the precursor to a nitroalkene. As 
its anion, the other nitro compound serves as the nucleophile. The scheme below 
shows the in situ preparation of nitroalkene 94 from β-nitroacetate 9341.  Two 
examples of Michael reactions using nitroalkene 94 are then shown. In the first 
reaction, the anion of 2-nitropropane undergoes Michael addition to 94. In the 
second reaction, the anion of 1-nitropropane undergoes Michael addition to 9441.  
The products are the α,γ-dinitro compounds, isolated in 87% and 15% yield, 
respectively. Thus, the anion of 2-nitropropane, a secondary nitro compound, 
gives a much better result than the anion of 1-nitropropane, a primary nitro 
compound. These results are typical (Scheme 3.0). 
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Scheme 3.0: Formation of α,γ-dinitro compounds via Michael additions 
 
 
Base is needed for elimination of acetic acid from the nitroalkene 
precursor 93. Base is also needed for formation of the nitronate anion 
undergoing Michael addition. One expedient method that was employed was to 
use a pre-prepared nitronate as the source of the base for conversion of 93 to 
nitroalkene 94. The same nitronate could then function as the nucleophile in the 
Michael reaction.  There are two different pathways available using this 
approach. Where methanol is the solvent, the nitronate anion can generate 
methoxide ion, which can then eliminate acetic acid from the nitroalkene 
precursor 93. Alternatively, if THF is the solvent, the nitronate anion itself can 
function as the base (Scheme 3.1). 
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Scheme 3.1: Mechanism for Formation of α,γ-dinitro compounds via Michael 
additions 
 
 Bromination of nitroalkanes is a well-known reaction. For example, 
Bordwell, et al. converted 2-nitropropane to 2-bromo-2-nitropropane (97) using 
sodium hydroxide to generate the nitronate, which then reacted with bromine. 
They reference Mayer, et al.42, who first carried out this procedure. 2,3-
Dinitropentane also readily undergoes bromination. Reaction with sodium 
methoxide in methanol followed by bromination affords 2,3-dibromo-2,3-
dinitropentane (96)35.  
Debromination of α-bromonitro compounds is a known reaction. Treatment 
of α-bromonitro compounds with sodium iodide and acetic acid affords the 
debrominated nitro compounds35. Two examples of this reaction were reported in 
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the previous chapter. However, the dibromodinitroethers 97 gave only the 
monodebrominated products 9835 (Scheme 3.2).  
 
 
Scheme 3.2: Debromination of 97 
 
Reaction of 99 with the anion of diphenylacetonitrile gave two dimers as 
the products. Interestingly, there was no cross-over product obtained, only 2,3-
dimethyl-2,3-dinitrobutane (102) and dinitrile 103. Bordwell proposed two 
possible mechanisms for the reaction.  One possibility involves a single electron 
transfer (SET) process, generating two free radicals, which then dimerize. 
Another possibility, favored by Bordwell, is that nucleophilic bromine transfer first 
occurs from the bromonitro compound to the nitrile anion. The brominated 
species then react with their respective anions by an unspecified pathway, 
perhaps SET, to give the dimeric products. No explanation for the absence of 
cross dimer was offered (Scheme 3.2, 3.3).  The dichotomy of nucleophilic Br-
atom transfer and SET mechanisms in the reactions of α-bromonitro compounds 
may apply to the current study. 
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Scheme 3.3: Bromination of nitro compounds 
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Scheme 3.4: Possible pathways for reactions of bromonitro compounds 
with carbanions  
  
153 
 
3.2 Results and Discussion 
 
The fact that bromodinitroethers 98 do not undergo further debromination 
might be a result of the alkoxy group present. Consequently, debromination of 
2,4-dibromo-2,4-dinitropentane (104), which lacks an alkoxy group, was 
investigated. Attempts were made to remove both bromine atoms from 104 to 
form 2,4-dinitropentane. Using acetic acid and sodium iodide in large excess, 
only monodebromination of 104 was observed. 2-Bromo-2,4-dinitropentane (105) 
was obtained in 77% yield as a 9:91 ratio of the R*,R* and R,S isomers, 
respectively (Scheme 3.6). This result parallels observations made on the 
dibromodinitroether 97. Here, too, monodebromination readily occurred, but the 
second Br-atom could not be removed from 105. 
 
CH3
O2N
CH3
NO2Br Br AcOH
NaI CH3
O2N
CH3
NO2Br H
55:45 R*,R* : R,S 9:91 R*,R* : R,S
77%
104 105  
 
Scheme 3.6: Monodebromination of 2,4-dibromo-2,4-nitrocompounds 
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 Since only one Br-atom was removed, even with a large excess of 
reagents, apparently one nitro group prevents debromination adjacent to the 
second nitro group.  Presumably the mechanistic pathway involves simple 
nucleophilic displacement of bromine by iodide ion (Scheme 3.7, pathway a).  
Perhaps the lack of reactivity for 105 is the result of a stereoelectronic effect 
whereby the second nitro group donates electron density to the Br-lobe of the C-
Br σ* orbital (Scheme 3.8). Such donation might protect the second Br-atom from 
displacement by iodide ion. However, the infrared stretching frequencies 
assigned for the nitro groups are not atypical. Significant electron donation from 
the nitro group ought to alter these frequencies.   
Perhaps Br-atom displacement occurs via a SET mechanism (Scheme 
3.7, pathway b). This seems unlikely in the protic moderately polar reaction 
medium. Also, it is unclear why the second nitro group would prevent electron 
transfer to the nitro group adjacent to the Br-atom. 
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Scheme 3.7: Debromination reaction pathways 
 
 
Scheme 3.8: Electron donation to the C-Br σ* orbital 
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3.3 Structure Assignments 
 
2-bromo-2,4-dinitropentane (107): 
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This compound displayed typical infrared stretching bands for the nitro group at 
1550 and 1357 cm-1.  The 1H NMR spectrum consisted of ten signals and 
displayed a 91:9 isomer ratio. Signals at 4.91 ppm attributed to H4 and 2.22 ppm 
attributed to H1 were especially diagnostic. 
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3.4 Experimental 
 
2,4-dibromo-2,4-dinitropentane was prepared according to a literature procedure 
from 2-nitro-1-propanol35. 
 
Preparation of 107 from 106: A nitrogen-flushed flask was charged with 106 
(0.512 g, 1.5 mmol) and placed in an ice bath (0-5°C).  A 25% (v/v) ethanolic 
acetic acid solution (50 mL) was added with stirring.  A cold (0-5°C) 0.52 M 
solution of sodium iodide (2.342 g, 15.6 mmol ) in ethanol (30 mL) was added 
rapidly with stirring.  The resulting cold solution was stirred for 30 minutes at 0-
5°C and was then diluted with water (300 mL).  The crude product was extracted 
using dichloromethane (three 50-mL portions).  The combined organic layers 
were washed with a saturated aqueous sodium bisulfite solution (100 mL), 
followed by water (three 25-mL portions) and dried over anhydrous MgSO4.  The 
dried solution was concentrated at reduced pressure to give 0.2965 g (77% yield) 
of crude 107 as a yellow oil that by 1H NMR was a mixture of two isomers (9:91 
R*,R* : R,S) . The product was purified by flash chromatography on silica gel 
(ethyl acetate/hexanes, 20:80 eluent).   
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2-bromo-2,4-dinitropentane (107): viscous oil; Rf: 0.24; IR: (neat) 1550, 1357 
cm-1 (NO2); 1H NMR: δ 4.91 (m, 1H, H4, major), 4.66 (m, 1H, H4, minor), 3.45 (dd, 
1H, J = 16.3, 8.0 Hz,  H3, minor), 3.30 (dd, 1H, J = 16.1, 7.8 Hz, H3, major), 2.91 
(dd, 1H, J = 16.3, 2.2 Hz, H3’, minor), 2.85 (dd, 1H, J = 16.6, 2.4 Hz, H3’, major), 
2.23 (s, 3H, H1, minor), 2.22 (s, 3H, H1, major), 1.68 (d, 3H, J = 6.8 Hz, H5, 
major), 1.66 (d, 3H, J = 6.8 Hz, H5, minor); 13C NMR: δ 122.5 (C2 major), 109.9 
(C2 minor), 91.9 (C4 minor), 80.9 (C4 major), 47.0 (C3 minor), 46.2 (C3 major), 
30.4 (C1 major), 29.1 (C1 minor), 21.5 (C5 minor), 21.3 (C5 major). COSY spectra 
show correlation between H4 and H3,5. HMQC spectra showed correlation of H4 
major and C4 major (80.9), H4 minor and C4 minor (91.9), H3,3’ minor and C3 
minor (47.0), H3,3’ major and C3 major (46.2), H1 minor to C1 minor (29.1), H1 
major to C1 major (30.4), H5 major and C5 major (21.3), H5 minor to C5 minor 
(21.5). 
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3.5 Conclusions 
  
 Treatment of 104 with acetic acid and sodium iodide removes only one of 
the two bromine atoms to form 105 in 77% yield. Clearly, one nitro group protects 
displacement of the second Br-atom adjacent to the second nitro group.  The 
more likely mechanism is simple nucleophilic displacement of a Br-atom by 
iodide ion.  Displacement of the second Br-atom may be prevented by a 
stereoelectronic effect.    
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APPENDIX A: 1H NMR SPECTRA 
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